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ABSTRACT

The basic aim of this thesis was to define a suitable approach for the prevention 

of thalassaemia in Jordan. A detailed epidemiological analysis produced an estimate of 

103 annual affected births and 415 annual at-risk pregnancies. Premarital screening has 

been introduced in Jordan: estimates show approximately 144 new at-risk couples 

annually.

Molecular analysis of 172 thalassaemia major and 107 thalassaemia intermedia patients 

permitted the full spectrum of thalassaemia mutations in Jordan to be defined. 25 

different mutations were identified. A high frequency of the “pure” homozygous 

genotype was found in both thalassaemia major (63.5%) and thalassaemia intermedia 

(67.3%) patients, associated with the local preference of consanguineous marriage. A 

detailed description of the genotypes and corresponding clinical picture of the 

thalassaemia intermedia patients was achieved. An unusually high prevalence of the 

mild p-thalassaemia mutation IVS 1-6 was found (53% of the total), and 45% of 

thalassaemia intermedia patients had this mild genotype.

Screening for carriers is by measurement of the red cell indices and quantitation of 

haemoglobin A2 level. Analysis of the indices of 137 obligate beta thalassaemia 

heterozygotes showed that for screening the appropriate cut-off of mean cell 

haemoglobin (MCH) is 25.7pg. When equivocal or borderline results in MCH or Hb A2 

level are found, then the IVS 1-6 or -87 mutations should be sought by DNA methods.

As IVS 1-6 was the commonest mutation in the samples studied and the commonest 

homozygous genotype in the thalassaemia intermedia patients, an in depth clinical study 

was carried out in the 48 patients with homozygous IVS 1-6 to gain more information 

on the appropriateness of offering a prevention service for this mild genotype. Clinical 

severity ranged from very mild to severe. Notably there was an association of haplotype 

VI with the mild phenotype, demonstrating the influence of variations in non-coding 

DNA (haplotype) on the expression of the IVS 1-6 mutation.

The psychosocial burden associated with mild thalassaemia intermedia was studied in 

59 thalassaemia intermedia patients and 51 parents. It was found, despite the generally



mild clinical picture, that there was a high psychosocial burden for patients and parents. 

This led to a higher level of interest in prenatal diagnosis than had been anticipated.

The research shows the importance of DNA genotyping prior to genetic counselling of 

at-risk couples, and highlights the importance of specialist genetic counselling 

particularly for the mild beta thalassaemia mutations. It also shows the relevance of 

DNA genotyping for appropriate clinical management of the affected patients.

Prenatal diagnosis was demonstrated to be feasible and acceptable to at-risk couples in 

Jordan. There was a high level of interest in preimplantation genetic diagnosis in some 

families. Suitable PCR methods using direct detection of mutations, linkage and STR 

analysis for the reliable detection of the common mutations, found in the Jordanian 

population, were demonstrated.

This thesis provides evidence on which policy decisions for the prevention of 

thalassaemia in Jordan can be based.
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Chapter 1

CHAPTER 1

GENERAL INTRODUCTION TO THALASSAEMIA

1.1. THALASSAEMIA

1.1.1. HISTORICAL BACKGROUND

Thomas Cooley, a paediatrician in Detroit, was the first to describe the clinical 

syndrome of thalassaemia (Cooley and Lee 1925; Cooley et al., 1927). He reported the 

clinical features of four children of Italian descent, who had anaemia; splenomegaly; 

enlargement in the liver; discoloration of the skin; Mongoloid appearance caused by 

enlargement of the cranial and facial bones; and whose red blood cells showed an 

increased resistance to hypotonic lysis. In addition, haematocrit (HCT) values up to ~ 

35%, and nucleated red cells were present on stained blood smears. A number of Italian 

workers fi’om 1925 -1935 also reported various forms of heterozygous anaemia, 

describing the syndrome as La Malattia di Rietti-Greppi-Micheli.

The first definitive evidence that Cooley’s anaemia is genetically inherited, was 

provided in 1938 by Caminopetros (Caminopetros, 1938) in Greece and by Angelini in 

Italy, who noticed that relatives of patients with Cooly’s anaemia had red cells with 

increased osmotic resistance. By 1949, it had become clear that Cooley’s anaemia was 

the homozygous state for the Mendelian inherited Rietti-Greppi-Micheli syndrome, 

which is related to thalassaemia minor.

Whipple and Bradford reviewed the clinical and autopsy findings on several cases, 

including identical twins concordant for the syndrome. They concluded that it was an 

inherited disease in people of Mediterranean descent; and this is why the term 

“Thalassaemia” was first used (Whipple and Bradford, 1932, 1936). The word is taken 

from the Greek “ thalassa” meaning “the sea”, associating the disease with the 

Mediterranean area.
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1.1.2. WORLDWIDE DISTRIBUTION OF THALASSAEMIA

Thalassaemia is the most common genetic disease; with nearly 270 million (7% of the 

world population) carrying mutations, 300,000-400,000 babies with severe forms of the 

diseases are bom each year (Weatherall, D., & Clegg, J.B., 2001). Early population 

studies showed that the geographic distribution of the disease follows that of malaria 

from the Mediterranean basin to the Middle East, North Africa, the Indian Subcontinent 

and South East Asia (Weatherall and Clegg, 1981; Teo and Wong, 1985).

1.1.3. POPULATION GENETICS OF THALASSAEMIA

Carriers of thalassaemia and sickle cell anaemia have an innate resistance to the 

Plasmodium Falciparum malaria parasite. Since human malaria can kill its host before 

they reach reproductive age, carriers therefore contribute their genes to the next 

generation more often than non-carriers. The high frequency of thalassaemia genes, in 

populations where malaria is prevalent, exists in a state of balanced polymorphism due 

to the heterozygotes advantage for such resistance, and the continual loss through the 

death of homozygotes (Weatheral and Clegg 1981; Model and Berdoukas 1984). The 

actual mechanism of parasite growth inhibition or death in sickled and thalassaemic 

erythrocytes is not fully understood. In sickle cell trait, the malaria parasite promotes 

sickling in the hosting cells, permitting the spleen to target parasitized cells for removal 

from the circulation. If this mechanism fails to cull the invaded cells, then the internal 

environment of sickled cell will still kill the parasite. Similarly, parasite growth in 

thalassaemic erythrocyte is poor, due to reduced nutrients (haemoglobin). This allows 

for the selective destruction and removal of thalassaemia parasitized cells (Nagel R.L., 

2001).

1.1.4. THALASSAEMIA AND HAEMOGLOBINOPATHIES

The term “haemoglobinopathy” is generally used to indicate only those disorders with 

structurally abnormal haemoglobin, while others use it to indicate all disorders of globin 

chain synthesis, including thalassaemia.
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Haemoglobinopathies are caused by a variety of mutations in either the a, p or the y- 

globin gene, resulting in the production of abnormal forms of Hb A, Hb A2 and Hb F.

If the term “Haemoglobinopathy” is used only to designate a structurally abnormal 

haemoglobin, variant Hb’s such as Hb E and haemoglobin Constant Spring can be 

referred to as “thalassaemic haemoglobinopathies”. Fig. 1.1 shows the worldwide 

distribution of thalassaemia and haemoglobinopathies.

rhalassaemia

Figure 1.1. Worldwide distribution of thalassaemia and haemoglobinopathies, 
showing high prevalence within Africa, the Mediterranean, the Middle East, the 
Indian subcontinent and South East Asia (From Guidelines for the clinical 
managements of thalassaemia, Thalassaemia international Federation TIF, 
2000).

1.1.5. DEFINITION AND CLASSIFICATION OF THALASSAEMIA

Thalassaemia is classified into a-, P-, Ô-, ôp- and cyôp-thalassaemia, on the basis of the 

particular globin chain, or chains, that is or are ineffectively synthesized (Table 1.1). 

Each of these forms of thalassaemia is extremely heterogenous. Alpha thalassaemia is 

characterized by defects in the a-globin production, and is designated as a^- or a°- 

thalassaemia, depending on whether there is a partial or complete dysfunction of a -  

globin synthesis, respectively.
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Similarly, p-thalassaemia is subdivided into p®-thalassaemia; in which there is no p - 

globin chain production, and p^-thalassaemia, in which there is reduction in the p - 

globin chain synthesis.

ôp- and eyÔp-thalassaemia, however, result from a series of deletions involving the p - 

globin gene cluster, removing either the p - and 0 -genes or all the genes in the cluster, 

respectively. Similarly, many forms of HPFH result from deletions of this cluster, or 

from point mutation in the y-gene promoter (Weatherall 1996; 2001).

Table: 1.1. Definition and classification of thalassaemia (Weatherall et al, 
1989,1996).

a-Thalassaemia

a°-Thalassaemia 
a^-Thalassaemia 

Deletion 
Non-Deletion 

With a-chain Hb variants 
With P-chain Hb variants 
With p-thalassaemia

P-Thalassaemia

p°-Thalassaemia 
P^-Thalassaemia 
With p-chain Hb variants 
With a-chain Hb variants 
With a-Thalassaemia

ÔP-Thalassaemia

(ôp)°-Thalassaemia
(\ôp)°-Thalassaemia
(eyôp)°-Thalassaemia
ô-Thalassaemia
y-Thalassaemia

Hereditary Persistence of Fetal 
Haemoglobin

Deletion
(6 P)°-HPFH

Non-deletion
Linked to the P-globin gene cluster 
Unlinked to the P-globin gene cluster

1.1.6. PATHOPHYSIOLOGY OF THALASSAEMIA

In the thalassaemia syndromes, the basic pathophysiology of premature hemolysis of 

red blood cells in the peripheral circulation and extensive destruction of erythroid 

precursors in the bone marrow and in extramedullary sites result from an imbalance 

between a -  and non a-globin chain production and the decreased haemoglobin 

synthesis. The latter is a major determinant of red cell hypochromia, but is of little 

clinical significance.

29



________________________________________________________________ Chapter 1

The excess of a -  or p - globin chain is the major determinant of the clinical outcome.

In p-thalassaemia, defects in p-globin chain synthesis result in excess a-globin chains: 

the free a-chains aggregate to form insoluble inclusion in the red cells and the erythroid 

precursors which results in ineffective erythropoiesis and erythrocyte damage due to 

multifaceted membrane toxicity.

In a-thalassaemia, the deficiency in a-globin chain synthesis results in accumulation of 

P-globin chain tetramers (Hb H), which leads to red cell damage, the consequent 

shorting of erythroid life span in blood circulation and to ineffective erythropoiesis.

1.2. HAEMOGLOBIN

Haemoglobin is a tetramer structure with a molecular weight of 64.5 kilo-Daltons. It 

consists of four polypeptide chains, two a  chains of 141 amino acid residues each; and 

two p chains of 146 residues each (Bunn and Forget, 1985). Although the a  and p 

chains have a different sequence of amino acids, they fold up into similar three- 

dimensional structures. Each chain has a single covalently bound haem group. Since 

each chain binds one haem moleculethere are, therefore, four haem molecules for each 

Hb molecule. Haem has an iron-chelated porphyrin ring, which functions as a protein. 

The porphyrin ring is composed of a flat tetrapyrole ring with iron, which is normally in 

the ferrous form (Fe^) inserted into the centre. The iron is held in place by a co

ordination complex.

1.2.1. HAEMOGLOBIN SYNTHESIS AND FUNCTION

Haemoglobin is initially synthesised in the pronormoblast stage but mainly in the 

polychromatophilic stage (erythroid precursors). Approximately 65% of total Hbs are 

synthesised before sequestration of the nucleus while the remaining 35% are 

synthesised by the remnant of RNA, present during the reticulocyte stage. Mature red 

blood cells are unable to produce additional Hb (Weatherall & Clegg, 1981).

Uptake of iron by erythroid cells is via a molecule called transferrin: once it has iron, it 

then attaches to a membrane-transferring receptor, and the whole complex is 

internalised by a process known as endocytosis. Iron is then released from the 

transferrin complex, and reduced to the ferrous (F e ^  form, which will be transferred to
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the mitochondria for haem synthesis. Porphyrin ring synthesis begins inside the 

mitochondria, continues in the cytoplasm, and then re-enters the mitochondria to 

incorporate iron. Haem then leaves the mitochondria to join globin in the cytoplasm 

(Hoffbrand & Pettit 1993).

The function of Hb in arterial blood is to transport oxygen from the lungs to the tissues. 

In venous blood the primary function is to transport carbon dioxide (CO2), from tissues 

to lungs by reversible carbamation of the N-terminal groups of haemoglobin. Hb also 

acts as a buffer to maintain stable pH for balancing concentrations of bicarbonate inside 

red cells in both oxy- and deoxy- states, and when an acid or alkali enters, or is 

generated within a red cell. (Stryer,1988 ).

1.3. THE GLOBIN GENES

Globin tetramers consist of two a-like chains and two p-like chains, the globin chains 

are encoded by a  and the p-globin gene clusters, located on chromosome 16 and 11  

respectively. There are different types of globin chains expressed at various stage of 

development, which are denoted by Greek letters: a  (alpha), p (beta), y (gamma), 8  

(epsilon), and Ç (zeta).

1.3.1. THE a-GLOBIN GENE CLUSTER

The human a-globin gene cluster is located near the telomere of the short arm of 

chromosome 16 (16pl3.3), and is composed of approximately 30 kb. It contains four 

functional genes: a single embiyonically expressed Ç-globin gene, two fetal/ adult a -  

globin genes (aland a 2 ), and one poorly expressed fetal/ adult 0 -globin gene, in 

addition to three pseudogenes (v|/Çl, \j/a2, and vj/al). They are arranged in the 

following order; 5’-Ç-vj/Ç-\}/al-a2-al-01-3’ (Fig. 1.2) (Lauer, J., et al., 1980; 

Bowden, D.K. et al., 1987; Buckle, V.J. et al., 1988; Romao, L., et al., 1992). 

Sequencing of the a-globin gene cluster shows that the a2 and a l  genes are embedded 

within two highly homologous 4kb duplicated segments, which are further subdivided 

into smaller homologous segments known as X, Y, and Z, separated by the non- 

homologous regions I, II, and III see (Fig. 1.6) (Baysal, E. and Huisman T.H.J. 1994).
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Figure 1.2. The a-globin gene cluster on the short arm of chromosome 16 (up 
left), consists of an alignment of two structural a-genes, a l and a 2 , and the 
embryonic a-like gene Ç Its also contains four pseudogenes (v|/Ç, n/al, \\) a l, 
and 01). On the upright, the p-globin gene cluster of chromosome 11 contains 
the functional e, ^y, ^y, ô and the p-globin gene, plus one pseudogene \|/p. The 
developmental patterns of expression of the human globin genes. The time 
course of developmental globin gene regulation and the sites of erythropoiesis 
are shown below.

1.3.2. THE P-GLOBIN GENE CLUSTER

The P-globin gene cluster located on the short arm of chromosome 11 (1 lpl5.5) spans 

approximately 50 kb. It contains five functional globin genes: the embryonically 

expressed gene 8 , two fetal genes °y and ^y, a minor adult Ô gene and the adult p globin 

gene. There is also one pseudo gene \j/p, which has a sequence similar to the p-gene 

sequences, but differs in having altered sequences that prevent production of functional 

globin chains. The arrangement of the p-globin gene cluster reflects the order in which 

they are expressed during development: 5’-e -^ y -\-ô - \ |/p -p -3 ’ (Fig.l. 2) (Collins et 

a., 1980; Weatherall et al., 1985).

Each gene contains two intervening sequences (IVS) that interrupt the coding of amino 

acids 30-31 and 104-105. The first IVS is 122-130 base pair (bp) in length, while the
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second is 850- 904 bp. Single gene sequences comprise of only about 7 kb of the 50 kb 

of DNA in the p gene region, while the remaining 43 kb are flanking sequences, which 

may have some unknown regulatory role.

The 8 , y and ô chains are similar to p chains, differing from p-chain at codons 3639, and 

1 0  of the polypeptide chain positions, respectively.

The genes for y-globin products differ by a single amino acid at position 136 in the 

polypeptide chain; the ^y globin gene encodes for glycine, and the ^  globin gene 

encodes for alanine. The ^y: ratio varies in adults (Enoki et al, 1990) but ^y is

predominant in newborn babies with a ratio of approximately 3:1.

Unlike the a-globin genes, only a single P-globin gene is present per haploid genome in 

humans (Weatherall & Clegg, 1981; Baysal et al, 1995; Stamatoyannopoulos & 

Niehuis, 1987).

Haemoglobin tetramers formed by the globin chain products of these genes at different 

stages of development. The embryonic haemoglobins; Gower I (^262), Gower II (aiGz), 

and Portland (^272)» the fetal haemoglobin Hb F (a2 72), and the adult haemoglobins Hb 

A (tt2p2), and A2 (a2 Ô2) (Kazazian HH J r , 1990).

1.4. HAEMOGLOBIN LEVELS

Haemoglobin A (a2P2), usually consists of 96-98% of the total haemoglobin in normal 

adults. Haemoglobin A2 (a2 Ô2) constitutes about 2.5%, and is evenly distributed in 

normal red cells. HbF (a2 72) comprises the bulk of haemoglobin (50-85%) in human 

new-boms, but declines rapidly after birth, reaching concentrations of 10 to 15% by 4 

months of age. Subsequently the decline is slower, and adult levels of less than 1% are 

reached by 3 to 4 years of age. Fetal haemoglobin may be increased in p and 8 p- 

thalassaemia, hereditary persistence of fetal haemoglobin (HPFH), and sickle cell 

anaemia.
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1.5. ERYTHROPOIESIS

Cells of the erythroid lineage are the earliest to be found in the human embryo. 

Primitive erythroblasts are first observed in the yolk sac blood islands at 16-20 days, 

which consist of embryonic haemoglobin (e-globin) until week 5 of gestation. The 

switch from primitive to definitive erythropoiesis is due to the changes in the expression 

of the developmentally regulated fetal and adult globin genes and is observed between 

7-10 weeks of gestation in the blood and slightly earlier in the liver (Kelemen et al., 

1979). Embryonic haemoglobins are found in foetuses before 7 to 10 weeks of 

gestation.

Initially the y-globin genes activation occurs in the fetal liver, and expression of the e- 

globin is silenced, where the ^y and "\-genes in the fetus account for >90% of globin 

chain production directed by these genes. The second haemoglobin switch occurs 

during the first year of life, when the p-globin gene expression commences in the bone 

marrow (definitive haematopoisis) with a concomitant silencing of the y-gene 

expression, replaced by adult p-chain and a small amount of ô-chain (Fig. 1.2) (Kazazian 

HH Jr, 1990). Thus, the a-like globin genes undergo just a single switch in expression 

(embryonic->foetal/adult), while the p-like globin genes undergo two switches 

(embryonic->foetal->adult).

1.6. GLOBIN GENE REGULATION:

In general, genes are regulated by different specific short sequences known as the motifs 

located at the DNase I hypersensitive site, a site at which the double helix needed to 

initiate an activity is kept free of nucleosomes.

DNase 1 hypersensitive sites consist of a promoter and an enhancer. The promoter 

region is located upstream of the coding sequence, with at least three preserved 

definable elements contributing in varying degrees to the promoter function of globin 

genes (Collins & Weisman, 1984). The first preserved 5’ un-translated sequence is the 

“TATA” or “ATA” box located approximately 25-30 bp upstream of the initiation site 

in both a-like and p-like globin genes. The TATA box is thought to play an important
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role in locating the site at which transcription initiates. A second important component 

for initiation is the “CCAAT” box located approximately 80 bp upstream of the 

transcription initiation site. The third component of the promoter is the ‘’GGGGYG” 

(Y: a pyrimidine nucleotide); this sequence is located 90 bp upstream of the initiation 

site (Fig. 1.3b).

DNase 1 hypersensitive is recognised by a specific protein which fimctions as a 

transcription factor needed for RNA polymerase to initiate formation of a pre-initiation 

complex.

Transcription factors are usually short and comprise only a small part of the protein 

structure, which are activated or deactivated by the binding of a ligand. They are also 

tissue-and stage-specific, being synthesised only in certain cell types at particular 

stages, to regulate development. The ability to form a pre-initiation complex is a 

common regulatory mechanism. By the binding of a transcription factor to a promoter, 

it becomes possible for RNA polymerase in turn to bind, which effectively turns the 

gene on.

1.6.1. DNASE 1 HYPERSENSITIVE SITE AND TRANSCRIPTION FACTORS

The study of globin gene control in erythroid cell by Cis- acting sequence analysis, has 

revealed many distant regulatory sequences, designated as locus control regions 

(LCRs), which act over large distances (>50 kilo bases) (Orkin S.H. 1995).

The P-LCR encompasses about 20 kb of DNA, situated upstream of the p-globin 

cluster. It is identified as a cluster of erythroid-specific DNase-I hypersensitive sites, 

essential for high-level erythroid expression of P-globin genes (Grosveld et al., 1987; 

Tuan et al., 1985; Forrester et al., 1986, 1987). The p-globin genes are regulated by a 

region containing a series of erythroid specific DNase I hypersensitivity sites (5’ HS I- 

4) (Fig. 1.3b) located 6  to 18 kb upstream of the s-globin gene. It performs at least two 

important fimctions: first, it creates an open chromosomal region more accessible to 

trans-acting factors; and second, it contains strong enhancers required for high-level, 

developmentally correct expression of the individual p-globin domain genes (Langdon 

S. D. and Kaugman R. E., 1998).
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Figure 1.3. (a) The 5’ HS 1-4 located 6 to 18 kb upstream of the 8-globin gene
termed the LCR. (b) Structure of a typical globin gene, showing specific 
sequences and c/5-acting elements that are important for the regulation of gene 
expression. The elements are: LCR, consensus sequences of the promoter, 
CACCC, CCAAT, AT A; cap site, CA; initiator codon, ATG; consensus 
dinucleotide at exon-intron junctions, 5’GT...AG 3’; termination codons TGA, 
TAA, TAG; polyadenylation signal, AATAAA; and enhancer element, (E). 
Below is shown the consensus binding sequences, for erythroid-specific factor 
GATA-1, found within the LCR, promoter and enhancer. (From Forget, BG., 
2001)

Detailed analysis of the globin gene promoters, the p-LCR and erythroid-expressed 

gene promoters (Fig. 1.3b), revealed a number of conserved DNA motifs important for 

globin expression. These include, GATA motifs, TGA(C/G) (NF-E2/AP-1 -like) 

sequences, GT or CACC-like sequences and NF-E2 in erythroid cells (Martin et al, 

1989; Andrews et al, 1993; Orkin S.H., 1995; Miller and Bieker, 1993).

A similar region (HS-40) has been identified in the a-globin gene cluster, located 

between 28 kb and 65 kb, 5’ to the Ç-globin gene. This region has been shown to be 

essential for obtaining high levels of gene expression of the human a-globin gene in 

transgeneic mice (Higgs et al., 1990).
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An enhancer at the 3’-end of the human p-globin gene has been identified. This 

sequence is located approximately 500 and 800 nucleotides downstream fi*om the P- 

globin gene, and contains binding sites for an erythroid specific protein. This enhancer 

is capable of promoting the expression of the normally silent fetal ^-globin gene in the 

adult erythroid compartment of transgenic mice, when placed in a construct including 

the y-globin gene promoter. The y-globin gene enhancer is located 400 to 1150 

nucleotides downstream fi*om the poly-adenylation site (Camaschella et al, 1990).

1.6.2. CURRENT MODELS OF P-GLOBIN GENE REGULATION

Recent studies of primary RNA transcripts in individual transgenic fetal liver cells have 

provided insights into the mechanisms governing the transition from fetal to adult 

globin gene expression. The exact molecular mechanisms involved in the switching of 

p-chain subtypes is unknown, but believed to be due to dynamic physical interactions 

between the LCR and the promoter of each gene, and are controlled by various trans- 

acting elements via DNA looping (Wijgerde et al, 1995; Jackson et al 1996; Slightom et 

al 1997).

The LCR only interacts with a single globin gene at any given time. During the switch 

fi*om fetal adult globin, the LCR appears to flip-flop back and forth between the y- and 

p-globin genes. As the transcription factors change to favour adult globin expression, 

the stability of the y-gene LCR interaction decreases and p-globin becomes the 

predominantly transcribed gene. However, silencing of y-gene expression in the adult 

stage of development is regulated independently of the P-globin gene or its promoter. 

The differential effect of the LCR on y and p-globin gene expression is influenced 

largely by the relative distances between the LCR and these genes, and by the chance 

contacts between LCR and the y- or p-globin gene poised for transcriptional activation. 

Both of these models have been referred to as looping models because they propose or 

imply loop-like contacts between LCR and globin genes mediated by various 

transacting factors (Starck et al, 1994; Camaschella et al, 1995).
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Embryû

Figure 1.4. Model of the competitive control of haemoglobin switching “S” 
indicates the activity of a silencer element. (From Stamatoyannopoulos, G., 
2001).

The polarity of these genes, due to the interaction of various trans-ocXing factors with 

the promoters, was found to be important for the gene competition to interact with the 

LCR, with the more proximal gene having the advantage (Dillons et al, 1997). 

Competition between promoters for enhancers as a mechanism of developmental 

regulation has been demonstrated for switching models in vitro and in transgenic mice 

models (Enver et al, 1990; Dillon Grosveld, 1991). Two mechanisms appear to be 

responsible for the expression of the different genes, while various modes of 

suppression occur at different stages, as demonstrated in (Fig. 1.4) (Calzolari et al,

1999).

Firstly the embryonic 8 and fetal y-globin genes appear to be suppressed autonomously, 

by as yet unidentified proteins acting on the immediate flanking regions of the genes 

(Behringer et al, 1990; Enver et al, 1990; Dillon and, 1991; Liebharber et al, 1996). 

Secondly the p-globin gene appears to be silenced during the embryonic stage, through 

competition with the embryonic and fetal globin genes for the LCR (Behringer et al, 

1990; Enver et al, 1990; Hanscombe et al, 1991; Dillon et al, 1997).
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1.7. GLOBIN GENE EXPRESSION

Transcription takes place by the usual process of complementary base pairing, catalyzed 

and scrutinized by the enzyme, RNA polymerase. Initiation of transcription describes 

the synthesis of the first nucleotide bond between the RNA polymerase enzyme and the 

double stranded DNA at a promoter site. The RNA polymerase moves along the DNA, 

unwinding the double helix to expose a new segment of the single strand template 

including the exons, introns, and to the sequences beyond the highly conserved 3’ 

“AATAAA” polyadenylation site. Nucleotides are added covalently to the 3’ end of the 

growing RNA chain, forming the premature mRNA. Initiation transcription for globin 

genes occurs at the cap site, located 50 bp upstream of the initiation codon (AUG), 

which also marks the 5’ end of the mature cytoplasmic mRNA. (Collins and Weisman. 

1984).

Following transcription, the 5’ end of the transcript is capped by adding a methylated 

guanylic acid residue, which is essential to prevent exonucleolytic degradation of the 

nascent transcript (Nevins, 1983). The pre-mRNA is also cleaved and polyadenylated at 

a site with ” AAUAAA” sequence (Collins and Weisman 1984).

Splicing is the process in which introns are removed from the transcript. Cleavage 

occurs at the 5’ junction between exon and intron, where genes have a highly conserved 

“GT” sequence at the 5’ end and an “AG” sequence at the 3’ end of every intron. This 

results in looping back of the 5’ end of the intron to form a 5’-2’ phosphodiester bond 

with an ‘A’ residue about 30 nucleotides 5’ to the 3’ splice junction (Padgett et al., 

1984). This structure is called a lariat.

Mature RNA is then exported from the nucleus to the cytoplasm, where it binds to 

ribosomes, and acts as a template on which the amino acid residues delivered by 

transfer RNA (tRNA) are sequentially added to form a polypeptide, a process called 

translation. It is initiated at the initiation codon (AUG) and terminated when it 

recognises a stop codon (UAA) (Bunn and Forget 1986).
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1.8. a- THALASSAEMIA

The synthesis of the a-globin chain is down-regulated in a-thalassaemia due to 

various mutations in the a-globin gene cluster. Accordingly, the a  to p-globin chain 

ratio is unbalanced, with excess p-globin like chains. In the fetus, there is anaemia, 

and excess y-globin chains form soluble tetramers (74) called Hb Bart’s. Similarly, in 

adults with a-thalassaemia, when the second switch from y to p globin chains is 

complete, an excess of P-globin chains form p4 tetramers called Hb H. The clinical 

severity of the disease relies on the nature of defect in the a-globin gene, and its 

influence on the a: p globin chain ratio, and therefore, the amount of haemoglobin 

Bart’s or Hb H produced.

1.8.1. MOLECULAR BASIS OF a-THALASSAEMIA

Normal individuals have two a-globin genes per haploid genome so their genotype can 

be written aa /aa . Most often a-thalassaemia reflects the presence of large deletions 

within the a-globin gene cluster, such as the removal of one (a^) or both a-globin genes 

(a°) from the same chromosome. The most severe form is a°-thalassaemia (-- / —) 

major, known as hydrops fetalis with mainly Hb Barts (y4), and traces of Hb Portland 

((^2y2) and Hb H (p4), and the Hb H disease genotype is (-/a-).

The a-gene complex contains two a  loci that have 3.6 kb between their centres, one Ç 

locus, two pseudo a  loci (v}/a) and one pseudo-Ç locus (vj/Ç). They have smaller 

intervening sequences than that are found in the P-like genes: IVS 1 contains 114 bp, 

while IVS n  contains 132 bp.

An a-globin gene regulatory element called HS-40, which is essential for high levels of 

gene expression, is found 40 kb upstream of the Ç2-globin gene (Higgs et al 1990; 

Jarman et al., 1991). Deletions in the HS-40 regions are less frequently seen, but cause 

a-thalassaemia by inactivation of the adjacent, intact a-globin gene.

40



________________________________________________________________ Chapter 1

1.8.1.1 Deletion mutation in the a-globin gene cluster:

As many as 36 deletions removing one or both a  genes have been characterized, with 

just five of these responsible for the vast majority of a-thalassaemia cases worldwide; 

(-a” /, -a^ ', and -a“  ').

Reciprocal recombination between the highly homologous Z segments, which are 3.7 kb 

apart, produces chromosomes with only one a-gene (-a^ V,) rightward deletion (Embury 

et al., 1980), which causes a-thalassaemia, while the other chromosome consist of three 

a-globin genes (a a a “ ‘̂^^/) (Goossens et al., 1980; Higgs et al., 1980b).

Correspondingly, unequal-crossover involving the X- homologous regions, which are

4.2 kb apart, leads to deletion of 4.2 Kb of DNA, leftward deletion (Embury et

al., 1980), and aaa^^'"*^ chromosome (Fig. 1.5a &b) (Trent et al., 1981).

Other types of a-thalassaemia caused by large deletions either completely or partially 

removes both a-globin genes, or can delete the entire cluster as shown in Fig. 1.5c.

1.5.1.2 Non-deletional mutation in the a-globin gene cluster

Point mutations may also cause a-Thalassaemia (Non deletion a-Thalassaemia alleles) 

are very uncommon, but a number have now been characterized. The first of these was 

Constant Spring, resulting from a mutation in the terminator codon of the a2- globin 

gene, leading to an elongated but unstable a  -globin variant.

Other mutations were found to affect the mRNA stability, cleavage, splicing or 

polyadenylation, resulting in rapid degradation of the a-globin chain, and a functional 

deficiency of globin (a^-thalassaemia). For example, the substitution of A to G in the 

fifth position of the Polyadenylation site, reduced the efficiency of the cleavage 

reaction, resulting in the formation of a-globin mRNA molecules substantially longer 

than normal, while a small percentage of globin mRNA is still cleaved correctly. Most 

of the deletional and non-deletional mutations, resulting in various types of a -  

thalassaemia are listed in Table 1.2.
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Figure 1.5. (A) Deletion mutations that give rise to a^-thalassaemia. The two a-
globin genes are impeded in duplicated segments of DNA labelled X, Y, and Z, 
which are interrupted by nonhomologous regions I, II, and III. The vacancies in 
DNA created by five representative mutations that delete a single a  globin gene 
are show in black blocks. These single gene deletions and the reciprocal 
chromosomes containing three a  genes are created by misalignment and unequal 
recombination of the homologous blocks. (B) Rightward crossover occurs 
through misalignment of the Z boxes and produces the -a3.7 chromosome and 
its antitype. Leftward crossover with recombination through the X boxes 
produces the -a4.2 chromosome and its antitype, (c) Represent the most 
common causes for a-thalassaemia worldwide, (-a^'% and -
a “  V), (From Higgs DR et al., 1989).
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Table: 1.2. Summary of various defects in the a-globin gene cluster causing a- 
thalassaemia

Molecular defect in the a-globin genes Type of a-thalassamia

Deletion of an a  1 gene or all or part of an a2 gene; -a^ ,̂ -a'*̂ , - 
\  and -a^ .̂

a+ Thalassaemia

deletion of adjacent a2 and a l genes -SEA, -MED, 
-FIL, and-a^^ \

a° Thalassaemia

Deletion of part of a2 gene and part of a l gene with formation of a 
fusion gene.

a+ Thalassaemia

Deletion of an a  1 gene plus about 20 kb downstream, with 
inactivation of the remaining structurally normal a 2  gene.

a° Thalassaemia

Deletion of the upstream major regulatory element including the 
HS-40 enhancer, with marked down-regulation of expression of 
both structurally normal a  genes.

a° Thalassaemia

Mutation affecting RNA translation, including mutation of 
initiation and termination codons, one-nonsense, and one frame- 
shift mutation. Leading to either; a failure mRNA translation or to a 
reduced translation rate of an extended mRNA.

Abnormal a  chain

Mutation affecting RNA cleavage, splicing or polyadenylation. a+ Thalassaemia

Mutations that causes post-transcriptional instability of a highly 
abnormal a  chain.

Unstable ap-dimer

A ?ra«5-activating abnormality coded by a gene at Xql3.3, the XH2 
locus, encoding a DNA helicase, resulting from a syndrome of 
severe mental retardation and a  Thalassaemia in males.

The ATR-X syndrome.

1.8.1.3 Molecular basis of Hb H disease

Haemoglobin H disease is a clinical syndrome resulting from a variety of genetic 

abnormalities. The most common cause is compound heterozygosity for a^- 

thalassaemia and a®-thalassaemia, such as in South East Asia or ^

or —MED/ 2.7/ -a ■ in the Mediterranean (Fig. 1,6). Compound heterozygosity for a°-

thalassaemia and a non-deletional a-thalassaemia such as Hb Constant Spring or the 

Saudi type of non-deletional a-thalassaemia, or homozygosity for non-deletional a- 

thalassaemia has also been reported. Rare non-deletional cases are caused by a mutation 

of a gene on the X chromosome, designated the ATR-X syndrome.
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1.8.1.4 Molecular basis of Hb Bart's Hydrops Fetalis Syndrome

The Hb Bart's hydrops fetalis syndrome nearly always results from the co-inheritance of 

two a°-Thalassaemia defects, so that no synthesis of haemoglobin F, A or A2 can occur. 

Deletion of all four a  genes but with one or both Ç genes being intact (e.g. —

or leads to haemoglobin Bart's hydrops fetalis

(Fig. 1.6). Almost all the haemoglobin present is Hb Bart's, which is composed of 74 

tetramers, is both unstable and unable to deliver oxygen to tissue. The remainder of the 

haemoglobin is largely Hb Portland 1 (^272), which is capable of oxygen delivery to 

tissue to keep the fetus alive into the third trimester. There may be small amounts of Hb 

Portland 2 (Ç2P2) and Hb H.

Individuals with a-Thalassaemia trait due to simple gene deletions (-a/aa, -oZ-a, and — 

Zaa) have a mild hypochromic microcytic anaemia. The red cell indices shows a total 

decrease in haemoglobin levels; mean corpuscular haemoglobin concentration (MCHC); 

mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) (Table 

1.3), but a higher red blood cell (RBC) counts than non-thalassaemic individuals. 

Patients with a-Thalassaemia trait maintain adequate haemoglobin levels (within ~1.0- 

1.5 gZdl of normal). Individuals with —Zaa genotype most closely resemble those with 

-aZ-a genotype, and can be distinguished from normal individuals on the basis of their 

MCH, which is usually less than 26 pg and always below 27 pg (Higgs et al, 1989; 

Higgs, 1993). Peripheral blood films of patients with a-thalassaemia trait vary from one 

genotype to another, but often show hypochromasia, with occasional poikilocytes and 

target cells.

1.8.2. CLINICAL AND LABORATORY FEATURES OF a-THALASSAEMIA

The reticulocyte count is usually raised to 2-3% in patients with severe forms of a- 

Thalassaemia trait. Prior to the application of molecular analysis to the diagnosis of a- 

Thalassaemia, raised levels of Hb Bart's in the neonatal period, was the best indication 

for the presence of a-thalassaemia (Weatherall, 1963; Wasi et al., 1974).
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Patients with Hb H disease most frequently come to medical attention either because 

they are found to have a hypochromic, microcytic anaemia during routine hematological 

investigation for other reasons, or because they present with symptoms of acute or 

chronic anaemia. The majority are children with an average Hb level approximately 3 

g/dl less than age and sex matched normal individuals (usually 7-10 g/dl). Peripheral 

blood film shows hypochromia and polychromasia with variable anisopoikilocytosis 

and target cells. The reticulocyte count is usually raised to approximately 3-6%, and 

higher counts may be observed. Nucleated red cells and basophilic stippling may also 

be present (Wasi et al., 1974). Hb H, like Hb Bart's, shows no haem-haem interaction or 

Bohr effect, and has a much higher oxygen affinity than HbA (Benesch et al., 1961). 

Hence, Hb H will not contribute to O2 transport and its presence will compound the 

effects of anaemia in patients with Hb H disease.

A much less common presentation occurs when patients develop cholecystitis. 

Gallstones are quite frequent in patients with Hb H disease (Piankijagum et al., 1978; 

Higgs & Bowden 2001).

In comparison infants with Hb Bart's Hydrops Fetalis syndrome usually die, in utero at 

about 33 weeks (23-43 weeks), sometimes during delivery, or within an hour or two of 

birth (Thumasathit et al., 1968; Liang et al., 1985; Nakayama et al., 1986; Vaeusom et 

al., 1985; Chui and Waye, 1998). Hb Bart's (y4) has a very high oxygen affinity, causing 

severe tissue hypoxia, fetal anaemia (3-8 g/dl), and striking anisocytosis, poikilocytosis 

including target cells and hypochromia. The MCH and MCHC are greatly reduced but 

MCV may be normal. Haemoglobin electrophoresis and HPLC show Hb Bart's (70- 

100%) and sometimes smaller amounts of Hb Portland 1 (10-20%), Hb Portland 2 and 

Hb H. Affected infants are pale, slightly jaundiced, growth retarded, and edematous, 

with a massive, friable placenta. Developmental abnormalities have been reported in up 

to 17% of the cases (Guy et al., 1985; Liang et al., 1985; Nakayama et al., 1986), 

including hydrocephaly, microcephaly, abnormal limb development, and urogenital 

abnormalities, like undescended testes, variable degrees of hypospadias and ambiguous 

genitalia (Wasi et al., 1969; Wasi et al., 1974; Ongsangkoon et al., 1978; Liang et al., 

1985; Isarangkura et al., 1987; Abuelo et al., 1997; Higgs & Bowden 2001). The 

haematological picture of different types of a-thalassaemia is summarized in Table 1.3, 

and the genotypic association is summarized in Fig. 1.6.
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Table: 1.3. Red cell indices and haematological findings in a-Thalassaemia 
trait

Phenotype Number of 
functional 
a-genes

Levels of Hb 
Bart’s at 
birth %

MCH
(pg)

MCV
(fl)

aJ P-globin 
chain 

synthesis 
ratio

Most
frequent
genotype

Normal 4 0 -30 85-100 1.0 aa/aa
a-Thalassaemia
minor

3 0 -2 -30-20 75-85 - 0 .8 -a /aa

a-Thalassaemia
minor

2 2 -8 - 2 0 65-75 —0 .6 —faa 
-a l-a

HbH 1 10-40 18-20 55-65 -0.3 —/-a
Hydrops fetalis 0 -80 1 1 0 -1 2 0 0 .0

1.9. P-THALASSAEMIA

p-thalassaemia caused by a reduced or absent synthesis of the p-globin chain, resulting 

in accumulation of excess a-globin chains, which is responsible for the pathphysiology 

of the disorder. Therefore, the severity of the phenotype is usually related to the degree 

of imbalance between the a- and P-globin chains.

A broad classification is based on the clinical manifestations. Severe, transfusion 

dependant forms are designated p-thalassaemia major, the asymptomatic carrier states 

are known as thalassaemia trait, while the term thalassaemia intermedia is used to 

describe the spectrum of thalassaemia of which the clinical manifestation lies between 

these extremes.

P-Thalassaemia major usually results in either a compound heterozygous state for two 

different p-globin gene mutations, or a homozygous state for the same mutation, often 

found in population with a high frequency of consanguineous marriages.

1.9.1. MOLECULAR BASIS OF P-THALASSAEMIA

In contrast to a-thalassaemia, p-thalassaemia is generally caused by point mutations, of 

which over 200 different mutations have been identified (Weatherall D.J. & Clegg, J.B. 

2001). The majority of the p-thalassaemias are caused by mutations within the p-globin
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gene loci, which result in either a total lack of p-globin chain production (p° 

thalassaemia), or a reduced synthesis (P^ thalassaemia). Homozygous mutations usually 

represent the disease, which varies from mild (P^/p^, to very sever (P°/p°). 

Alternatively, compound heterozygotes offer a range of disease severities, due to the 

many different genotype combinations: either two different (p^/p^ or (p°/p°) 

thalassaemia genes, or (pVp°). These mutations are classified according to the type or 

category of defect in gene expression that they cause.

1.9.1.1 Transcriptional Promoter Mutations:

Mutations in two of the three conserved sequence motifs CACCC, CCAAT, and the 

ATAA box have been identified. There are eight mutations at five different positions of 

the TATA box (nucleotides -28 to -32 from the cap site), and nine mutations at five 

different positions of the proximal CACCC box (nucleotides - 8 6 , -87, - 8 8  and -92) 

from the cap site (Forget B.G., 2001). Such mutations tend to reduce the binding with 

either RNA polymerase, or with different transcriptional factors. This results in 

decreasing transcription of the p-globin gene, and is usually associated with mild 

phenotype, designated as p^-thalassaemia. A few promoter mutations are completely 

silent, where they have no effect in carriers, and interact with a variety of more severe 

mutations to produce a mild form of P-thalassaemia intermedia, e.g. the C->T mutation 

at positions -101, and -92 relative to the cap site. On the other hand, the cap site or 

transcription initiation site is part of the conserved sequence motif, and mutations at this 

site could either reduce the efficiency of capping and mRNA translation, or could 

decrease p-globin gene transcription. The cap site (+1 A to C) has been found to be 

associated with a mild form of p-thalassaemia similar to the silent carrier state (Wong et 

al., 1987).

1.9.1.2 RNA Splicing Mutation:

Nucleotide substitutions that affect either the GT 5’ (donor) or AG 3’ (acceptor) splice 

junctions, are associated with total absence of normal pre-mRNA splicing. Mutations 

such as rVS I-l (G to A) in the GT nucleotide prevent the splicing process completely, 

and no normal mRNA is produced, causing the p -thalassaemia phenotype.
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Other mutations at the splicing site partially block normal splicing, such as IVS 1-6 (T 

to C) mutation, reduce the efficiency of splicing at the 5’ site, and result in a mild 

p^-thalassaemia phenotype (Orkin et al., 1982a); whereas a mutation in the donor site 

IVS 1-5 (G to C), causes severe p^-thalassaemia phenotype (Triesman et al., 1983). A 

third type of splicing mutation creates an alternative splice site within the introns, such 

as rVS I-l 10 (G to A) mutation associated with severe p^-thalassaemia phenotype. 

Mutations in the cryptic splice site, a region that mimics the consensus sequence for a 

splice site, results in some Hb variants, such as Hb Knossos, and Hb E, due to a 

substitution at Codon 27 (G to T), and Codon 26 (G to A) (Weatherall D.J. 2001).

1.9.1.3 Frame shift Mutations, Nonsense (stop codon mutation) and Missense 

Mutations:

Premature termination of transcription caused by a nonsense mutation, which is a result 

of single nucleotide substitution, can change a normal codon for an amino acid, 

changing into a stop codon (TAA, TAG, and TGA). A substitution in codon 39 (CAG to 

TAG) is a classic example of a nonsense mutation. Premature chain termination may 

also be a result of a frame shift mutation, which inserts or deletes a nucleotide(s). The 

two-nucleotide deletion at Codon 8  (-AA) is an example of a frame shift mutation, 

resulting in premature termination at Codon 21 (TGA).

Missense mutations result in amino acid substitutions at residues that are critical for 

globin chain stability, resulting in poor quality globin chains, and very little or no 

haemoglobin (Coleman et al., 1991).

1.9.1.4 RNA cleavage and polyadenylation mutations:

Six mutations have been associated with a defective polyadelynation site, due to 

mutations involving the consensus sequence AATAAA required for the cleavage- 

polyadenylation reaction. Four base substitutions at different positions e.g. AATAAA to 

AACAAA mutation (Orkin et al., 1985), and two small deletions (2 and 5 bp) have been 

reported. Such mutations are associated with the p  ̂thalassaemia phenotype (Baysal and 

Carver 1995).

49



________________________________________________________________ Chapter 1

1.9.1.5 Deletions of the p-globin gene in P°-thalassaemia:

Deletions associated with p°-thalassaemia are relatively rare. Such deletions vary in 

size between 105 bp to ~67 kb, while others are small intragenic deletions of 17,25, and 

44 bp. Such mutations involve only the p-globin gene and its flanking regions without 

affecting any other p-like globin genes (Fig. 1.7). They commonly remove the 5’ 

promoter region of the p gene, including the CAC box, the CAAT box and the TATA 

box (Craig et al, 1992). Most of these deletions also have high levels of Hb A2 in the 

heterozygote state.

8 P
 m ---------------------------------- n ~ i ---------------------------

Turkish, Jordanian, Iranian 0.290 kb
Black 0.532 kb _
Asian Indian 1 0.619 kb
Black, British 1.39 kb ■ ■■ ,
Croatian 1.6 kb
Thai 3.48 kb _ _ _ _ _ _ _ _
Czech 4.2 kb _ _ _ _ _ _ _ _ _
Turk -1 .6  kb « ■ ■
Asian Indian 2 10.3 kb _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Australian 12 kb _  , ,
Dutch 12.6 kb
SE-Asian -27  kb
Filipino -45 kb
Italian -67 kb ^

Figure 1.7. Deletions in the p-globin gene and flanking region associated with p‘ 
thalassaemia (Forget BG., 2001).

1.9.1.6 Dominant P-thalassaemia mutations:

A dominant form of p-thalassaemia, in which heterozygous are symptomatic, has been 

identified. A total of 27 different mutations, mostly involving the 3*̂  ̂ exon, are 

associated with this phenotype (Baysal and Carver 1995). Different dominantly 

inherited p-thalassaemia mutations have been described as arising from a 

heterogeneous series of mutations including missense mutations producing a highly
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unstable P-variant (Thein et ai., 1991); or minor deletions leading to the loss of the 

intact codons and premature termination (Park et al., 1991), and frame shift mutations 

resulting in elongated p-globin with altered carboxy terminal ends (Thein et al., 1990). 

The dominant phenotype in heterozygous is due not only to producing an excess of a -  

chains, but also because they synthesize highly unstable p-chain products that bind 

haem and precipitate in the red cell precursors (Thein et al., 1992).

1.9.1.7 p-thalassaemia due to unknown mutations:

A small number of p-thalassaemic patients carry p-globin genes without any detectable 

mutation (Kazazian et al., 1990; Thein et al., 1993). It has been postulated that the cause 

of disease in such cases is due to a mutation either within the upstream LCR, in the 

3’enhancer region of the p-globin gene cluster (Gao et al., 1994), or by the influence of 

another gene, such as one for a specific transcription factor (Forget B.G. 2001).

1.9.2. POPULATION GENETICS OF p-THALASSAEMIA MUTATIONS

A broad spectrum of p-thalassaemia alleles has been identified worldwide (Fig. 1.8). 

Although, within individual populations, the number of prevalent p-thalassaemia 

mutations is small, allowing the identification of the vast majority of carriers and 

offspring (Orkin et al., 1982), there are many unique alleles observed in each ethnic 

population (Kazazian et al., 1990). Such findings facilitate disease prevention via carrier 

identification and prenatal diagnosis of at-risk pregnancies (WHO, 1982).
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IVS-inOG-A 
COD39C-»T 

IIVS-I-6T-.CI 
IVS-I-1-G-A 
IVS-II-745C-G 
C 00 6-A

IVS-I-110G-»A
COD 39 C -T
IVS-n-1 G—A
IVS-l-5 G -C
C008-AA
C0D44-C

COD 41M2-TTCT 
C0D 17A-T 
IVS-ll-654 C -T

a
26G-Â(HbE)| 

IVS-l-5 G -C  
C 0D 19A-G

IVS-l-5 G—C 
COD 8/9 + G 
IVS-l-1 G—T 
619 bp DEL 

[COD 26 G—A(HbE)l

Figure 1.8. The world distribution of thalassaemia alleles, the common mild 
alleles are shown in boxes (Weatherall and Clegg, 2000).

1.10. RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLPs)

Unlike the DNA of exons, which show little sequence variability among normal 

individuals, the DNA between the genes (linkers), and that of introns can vary 

significantly in its nucleotide sequence among individuals. Such changes are called 

polymorphisms. Polymorphisms have proved to be informative in a number of genetic 

studies, providing a type of marker or fingerprint for a person’s genome.

Sequence variability is most often detected by restriction endonuclease digestion, 

generating different fragments of variable sizes among individuals, known as 

Restriction Fragment Length Polymorphism (RFLPs). Different polymorphisms in the 

P-globin gene, are not associated with each other in a totally random manner, but tend 

to occur in certain groups or subsets called haplotypes (Antonarakis et al., 1982; Orkin 

and Kazazian 1984).
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The p globin gene haplotype among c/5-acting determinants is known to serve as one 

marker for the genetic background inherited with thalassaemia, and for elements that 

may influence y-globin gene expression (Nagel and Farby 1984).

Over 20 RFLPs have now been identified in the p-globin locus, which fall into two 

groups: a 34 kb 5’P-globin gene cluster that includes the Hind //-s. Hind III-Gy, Hind 

III! Ay, Hind //-S’vpP, Hind II-V vpP, and the Taq 1 5’ô polymorphic sites, and a 19-kb 

3’ cluster that includes the Hgi AI-p, Ava 77-p and Bam 777-P sites.

Haplo I 
Haplo II 
Haplo III 
Haplo rV 
Haplo V 
Haplo VI 
Haplo Vn 
Haplo VIII 
Haplo IX

Hinc II 

+

+

+

y yen—en- 
f  t

Hind III

+
+
+

+

+
+

+

+

vj/p 

t .. . I— I

t  t

Hinc II

+
+

+
+

■ I——LMJ—
t t

A vail Bam HI frequency

- + + 47%
+ + + 17%
+ + - 8 %
+ - + 1%
- + - 1 2 %
- - + 6 %
- - + 6 %
- + - 1%
+ + + 3%

Figure 1.9. Different haplotypes of the restriction site polymorphism in the P- 
globin gene cluster and their frequencies in Mediterranean individuals with p 
thalassaemia. A plus indicates the presence and minus indicates the absence of 
the particular restriction endonuclease cleavage site. (Forget, BG. (2001), 
Molecular Mechanism of p thalassaemia).

Population genetic analysis shows that sites within the two clusters are in strong linkage 

disequilibrium to each other, and that no linkage disequilibrium exists between the two 

clusters. The polymorphic sites vsdthin the 9 kb region separating the two clusters were 

found to be randomly associated. Therefore, this region has been implicated as a hotspot 

for genetic recombination, with a recombination rate 3 to 30 times higher than those of 

the surrounding regions (Rachelle A. Smith et al, 1998). A list of various haplotypes 

within the p-globin gene cluster are shown in Fig. 1.9.
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One polymorphism has also been reported in the coding sequence of the p-globin gene, 

which causes no change in the amino acid (Codon 2).

Haplotype analysis is a useful procedure in prenatal diagnosis for analysing the DNA 

haplotype from a chorionic villus sample, and comparing it to other family members’ 

haplotypes with a known genotype. This method was used prior to the availability of 

direct DNA based prenatal diagnosis (Rachelle S. et al., 1998).

1.11. CLINICAL ASPECTS OF P-THALASSAEMIA MAJOR

1.11.1. AGE AND SYMPTOMS AT PRESENTATION

Severe p-thalassaemia commonly presents during the first year of life, from 3 months 

onwards; Kattamis et al, (1975) noted that the mean age of presentation was 13.1 

months (±8.1 months), with a range from 2-36 months. In reviewing 121 patients, 

Modell and Berdoukas (1984) found that 60% presented within the first year with the 

mean age of presentation being 6  months. The mean haemoglobin level at presentation 

in the transfusion dependant group was 8.28 g/dl, as compared with 9.16 ± 1.2 g/dl in 

the group that was not-transfusion dependent (Cao et al., 1988).

1.11.2. SYMPTOMS OF INADEQUATE TRANSFUSED PATIENTS

Common symptoms for infants who are inadequately transfused include failure to thrive 

and to gain weight normally. The infants are pale, and often have feeding problems, 

diarrhoea, progressive enlargement of the abdomen due to splenomegaly, recurrent 

infections and a pink or brown urine colour (Modell and Berdoukas, 1984). In older 

patients who are inadequately transfused, there is a variable degree of 

hepatosplenomegaly, skeletal changes that produce the characteristic facial appearance 

with frontal bossing of the skull; hypertrophy of the maxilla that tend to expose the 

upper teeth, prominent malar eminences with depression of the bridge of the nose, puffy 

eyelids, and a tendency to have mongoloid-like slanted eyes and a hair-on-end 

appearance on skull radiography. They also present with other complications such as 

recurrent infections, hypersplenism, gallstones, leg ulcers, and a variety of syndromes 

due to tumour masses subsequent to extramedullaiy haematopoiesis (Olivier, NF, 

Weatherall, DJ., 2001).
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A well-transfiised thalassaemic child often remains asymptomatic until the age of 10-11 

years. Iron chelation therapy is required to excrete the excess iron resulting fi*om 

transfusion of red blood cells. Children who are adequately transfused and are fully 

compliant with respect to iron chelation may grow and develop normally, enter puberty 

and become sexually mature (Olivier, NF, Weatherall, DJ., 2001). If not, Modell B., 

(1976) estimated that such children accumulated approximately 28 gm of iron and 

suggested that patients with this level of iron loading begin to show signs of hepatic, 

endocrine, and cardiac disturbances.

1.12. THALASSAEMIA INTERMEDIA

Thalassaemia intermedia (XI), is the clinical term used to identify all patients with 

phenotypes that are more severe than asymptomatic thalassaemia trait, but milder than 

the transfusion dependent thalassaemia major. Patients are not usually transfusion 

dependant, but blood transfusion might be required occasionally or regularly later in 

life.

The clinical severity of P-thalassaemia can be ameliorated by several genetic factors 

such as: the inheritance of mild or very mild p-thalassaemia mutations (P^or p ^  

respectively, which are listed in Table 1.4. (Wainscoat et al, 1983b; Weatherall, D.J., 

2001). The coinheritance of different a-thalassaemia alleles might reduce the severity of 

the homozygous or compound heterozygous states for p°-thalassaemia to some degree 

(Galanello R., et al., 1989), and can convert the severe forms of P^-thalassaemia to a 

milder form ( Wainscoat et al, 1983a; Weatherall D.J. et al., 1981).

However, this is not the case with triplicated or quadruplicated a-globin gene mutations 

(aa a  or aaaa). Coinheritance of heterozygous p-thalassaemia trait, combined with an 

extra a-gene (s) results in a thalassaemia intermedia phenotype (Kanavakis E. et al., 

1983; Galanello R. 1983). Finally, the coinheritance of factors that enhance the y -chain 

production, such as the coinheritance of a gene for HPFH, a mutation, leads to increased 

y-chain synthesis (Cappellini et al, 1981).
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HPFH would normally be suspected to be present in thalassaemia intermedia patients if 

one of the parents were found to have unusually high levels of Hb F for a P- 

thalassaemia heterozygote (Thein et al, 1987).

Table: 1.4. The most common mild and silent p-thalassaemia mutations 
eissociated with thalassaemia intermedia. From Weatherall D.J. 
2001.

Mild p-thalassaemia alleles Silent p -

thalassaemia alleles

-90 C ^T -30 T->A CD 26 G-^A (Hb E) -92 C-»T

-88 C— -30 T ^C CD 27 G->T Knossos -101 C-^T

-88 C->T -29A->G IVS1-6 T->C 5’ UTR+IO-T

-87 C ^A -28 A->G* 3’ UTR47 C->G 5’ UTR+33 C->G

-87 C-^G 5’ UTR+22 G->A PolyA AATAAA->AACAAA IVS 11-844 C->G

-87 C-^T CD 19 A ^ G  Malay PoIyA AATAAA-^AATUAA ♦♦CAP +1 A-^C

-86 C—►G CD 24 T-^A PolyA AATAAA^AATAGA 3’ UTR+6C->G

-31 A—>G PolyA AATAAA->AATAAC

* Mild in blacks and severe in Chinese.

** The Cap +1 A->C also associated with mild micro indices, and borderline HbA2.

1.13. HB F PRODUCTION AS A FACTOR IN THE GENERATION OF THE 

PHENOTYPE OF THALASSAEMIA INTERMEDIA

1.13.1. HAEMOGLOBIN F (Hb F)

In 1866, Korber found that the haemoglobin in the erythrocytes from new-boms was 

resistant to alkaline dénaturation, providing the first suggestion that a haemoglobin 

existed that is different from normal adult haemoglobin Hb A. this was later proved by 

(Chemof et al., 1951), and known as Fetal Hb Hb F (0 2 7 2).

Hb F has several functional properties, in addition to its nature, that can resist 

dénaturation at alkaline and acid pH, which form the basis for the most frequently used 

test to measure its concentration in blood. Hb F in vivo usually has a higher oxygen 

affinity than those of the two adult Haemoglobins, Hb A and Hb A2, which facilitates 

the transfer of oxygen across the placenta from the adult to the fetal circulation (Chu et 

al., 1984).
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1.13.2. CELLULAR DISTRIBUTION OF HB F IN NORMAL ADULTS

In normal adults the synthesis of Hb F is reduced to a very low level <1-%. Analysis of 

the cellular distribution of Hb F in normal adults using a sensitive immunofluorescent 

staining (Wood et al, 1975) shows that only a small sub-population of red cells contain 

detectable amounts of Hb F known as F-cells (Boyer et al, 1975; Kleihauer et al, 1957).

In most adults, F cell frequency is 0.1%-10% of red cells (population mean ~2%) and 

average Hb F content per F cell is 3%-40% of F cell Hb (population mean -25%) 

(Boyer SH, et al., 1975, 1977; Dover & Boyer 1990), but it is still unclear whether 

every F-cell has equal amounts of Hb F or not. In neonates, the proportion of Hb F per 

F-cells may range from 50-90%, depending on the sensitivity of the method used to 

detect Hb F, and the accuracy in determining the number of F-cells, [Hb F per F cells is 

calculated by dividing Hb F by the number of F-cells] (Weatherall, et al, 1978).

However, F-cells in adults are not similar to foetal red cells in newborn babies, either in 

the amount of Hb F per cell or in other characteristics (e.g. surface antigen, red cell 

enzyme, etc.) (Weatherall et al, 1978). The fall in Hb F in the first year of life is 

associated with a fall in both the proportion of F-cells and the Hb F content in the F- 

cells themselves (Henri et al, 1980). Measurements achieved by flow cytometry, using 

anti Hb F antibodies, proved to be the simplest method of enumerating F cells, and was 

so sensitive that it could detect cells with an Hb F content of 6 pg.

1.13.3. RETICULOCYTES AND F-CELLS

Reticulocytes are young red blood cells from which the nucleus has been lost but which 

still contain residual organelles (i.e., ribosomes and mitochondria which contain 

residual ribonucleic acid (RNA) and (DNA), which differentiate them from mature 

erythrocytes. They are released from the bone marrow into the circulation containing -  

65% of their total haemoglobin content, the remaining 35% being synthesised within the 

circulation (Hoffbrand, 1993). Reticulocytes have 4 days’ life span in the bone marrow, 

3 days’ (less if erythropoietin high), and in peripheral blood 1 day, after being released 

into the circulation. The peripheral blood of normal adults has less than 2% reticulocyte. 

A reticulocyte count is essential for monitoring the erythropoietic activity of the bone
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marrow. All reticulocyte counts are based on the presence of RNA in the cell. The cells 

are stained with new-methylene blue, which precipitates the RNA, rendering it visible 

as blue granules or filaments.

An automated reticulocyte count is done using fluorescent dyes such as Thiazole 

Orange (TO), or acridine orange, which cause RNA to fluoresce, and cells are read 

using flow cytometry (Chin-Yee et al., 1991; Seligman et al., 19830). Absolute 

reticulocyte counts may be obtained in the following formula: [% reticulocyte/ 1 0 0  x 

(RBC lO'^/L)].

Levels of F reticulocytes and F erythrocytes are persistently similar in normal adults 

with more than 6 % F cells, and the cell survival of F and non-F cells was the same 

(Boyer SH et al., 1975). The amount of Hb F within F cells has been measured and 

found to be 3-8 pg Hb F/ F cell (Dover GJ. and Boyer SH., 1981). Flow cytometry, 

using anti-Hb F antibodies allows the detection of F cells, and a double labelling 

technique that detects both Hb F and reticulocytes allows the calculation of the F- 

reticulocytes count. The absolute value for Hbs F and A (pg/cell) were derived fi*om the 

MCH and % Hb values for each haemoglobin type, and were calculated by the 

following formula: (Hb F/ F  ̂cells = MCH x %Hb F/ %F^ cells) (Maier-Redelsperger et 

al., 1994).

1.13.4. FACTORS MODULATING HB F LEVELS IN ADULT LIFE

The number of F-cells in a normal individual is genetically controlled (Gamer C. et al.,

2000). It has been found that several genetic modifiers influence Hb F production, 

including both linked cw-acting elements, and unlinked to the p-globin gene complex 

trans-dic\m% elements. Different factors known to influence Hb F/ F cell levels in adults 

include: age (levels fall as one becomes older) (Rutland et al, 1983), gender (Women 

have higher levels than men do) (Miyoshi et al, 1988), a common sequence variation 

(T->C) at position 158 upstream from the ^y-globin gene which is detected by the 

restriction enzyme Xmnl (Gilman and Huisman 1985; Sampietro et al, 1992), the co

inheritance of a  -thalassaemia trait (Weatherall and Clegg 1981), and the trans-acting 

factor located on chromosome X (Xp22.2-p22.3) (Dover et al., 1992).
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1.13.4.1 Cis-acting elements affecting Hb F levels:

Xmn I polymorphism

A common sequence variation (T->C) at position 158 upstream from the ^y-globin gene 

and detectable by the restriction enzyme Xmn 1, was found to be associated with an 

increase in the ^7/^7+ ratio, and an increase in Hb F levels in both p-Thalassaemic, 

and sickle cell patients carrying this polymorphism, (Gliman and Huisman, 1985; Thein 

et al., 1987; Sampietro et al, 1992).

Hereditary Persistence of Fetal Haemoglobin (HPFH)

HPFH and ôp-thalassaemia’s are heterogeneous disorders characterized by elevated 

levels of Hb F in the adult life. The distinction between HPFH and ôp-thalassaemia is 

subtle, and is made on clinical and haematological grounds. HPFH includes a wide 

range of conditions, and is characterized in heterozygotes, by Hb F levels of up to 30% 

and with normal red blood indices. While SP-thalassaemia heterozygotes, tend to have 

elevated levels of Hb F that are lower (5-20%), accompanied by hypochromic 

microcytic red blood indices. The proportion of 7  chain subtypes (^ 7  versus "\) varies 

among patients with different HPFH’s and usually (but not always) shows that Hb F is 

homogeneously distributed within red cells, in contrast to ôp and other thalassaemias. 

On the other hand, homozygous HPFH patients have 100% of their haemoglobin as Hb 

F, and there is no anaemia. In a few cases, HPFH heterozygous have two populations of 

cells: one contains Hb F, the other does not at all. These patients are said to have 

heterocellular HPFH, as opposed to the bulk of patients who have pancellular HPFH 

(Hb F is present in all the cells). Linkage between the heterocellular HPFH determinant 

and the p-like globin gene cluster has been established by family studies, facilitated by 

segregation analysis of DNA polymorphic restriction sites around the globin genes 

(Wood et at, 1976; Cappellini et al, 1981).

Analysis of the molecular causes of HPFH demonstrates that in some cases, there are 

deletions involving the 3’ end of the p-globin gene cluster which remove the ô- and p- 

globin genes, or the ô, and p genes; a condition known as deletional HPFH (Craig et
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al, 1994). Non-deletional HPFH is usually caused by single point mutation within the 

5’y-promoter region, which leaves the p-globin cluster intact.

Mutations in both types of HPFH results in a decrease of the p-globin expression, and 

an increase in the y-gene expression among patients (Craig et al, 1994).

Deletional HPFH

Table 1.5 lists the details of the different deletions leading to HPFH and their 

characteristics. The extent of these deletions is shown in Fig.l. 10.

Table: 1.5. Deletional Hereditary Persistence of Fetal Haemoglobin (Huisman 
et al, 1997).

Type o f HPFH Origin Deletion size Reference
HPFH-1 Black 106 kb (Feingold & Forget, 1989)
HPFH-2 Ghanaian 105 kb (Tuan et al, 1983; Kuttler et al, 1984)
HPFH-3 Indian 48.5 kb (Kuttler et al, 1984; Henthorn et al, 1986)
HPFH-4 Italian -4 0  kb (Saglio et al, 1986)
HPFH-5 Sicilian 12.9 kb (Camaschella et al, 1990)
HPFH -6 Vietnam, SEA 30 kb (Moutum et al, 1993)
HPFH-7 Hb Kenya 22.5 kb (OJwang et al., 1983)
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Figure 1.10. Comparison of the deletions causing several types of HPFH.

Many proposals have been made to explain the increased expression of the y- and 8 - 

globin genes observed in deletional HPFH, as the juxtaposition of the 3'p-globin gene 

enhancer into the proximity of y—globin gene (Tuan et al., 1983). Perhaps there is
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competition of the remaining y-,ô- and p-globin gene promoters for a limited trans- 

acting factors, allowing the interaction with the locus control region (LCR) with the y- 

promoter (Townes and Behringer, 1990). Finally, abnormal expression could be due to 

the deletion of silencers (regulatory regions responsible for repression of y-globin gene 

expression in adult life), located between the and the ô-globin gene region (Bernards 

and Flavell, 1980; Flavell et al., 1983; Calazolari R. et al., 1999).

Non-Deletîonal HPFH Type

In cases where no deletions were found in the p-globin gene cluster, sequencing 

revealed mutation of the promoter region in one of the two y-globin genes (Ottolenghi 

etal, 1989).

In non-deletion HPFH genotypes, it is proposed that the point mutations might alter the 

binding of various transcriptional factors to the y-globin gene promoter, either by 

decreasing the binding of a repressor factor with its recognition sequence; or by 

allowing the binding of a positively acting factor present in adult red cells that normally 

would not bind (Tate et al, 1986; Wood W.G., 2001).

The study of several binding factors to the 5’ flanking region of the human y-globin 

gene has revealed three regions upstream of the human y-globin gene promoter that 

contain consensus sequences; CCAAT box (-114 to -117), the octanucleotide motif 

(ATGCAAAT) located at (-168 to -182), and the third group from (-195 to -202) 

which might be involved in protein binding to a neighbouring G-rich box. For example, 

a change of one base (-175 T ^C ) in the octamer region, in the globin gene 

promoter, is correlated with HPFH. The simplest explanation would be that a binding 

site for a repressor factor near -175 is eliminated due to the base change, and this factor 

may be erythroid specific (Lioyd et al, 1989). A list of various types of mutations in 

both y-globin gene associated with non-deletional HPFH are described in Table 1.6 .

Swiss Type ofNon-Deletional HPFH

Svsdss HPFH was first obtained by (Marti et al., 1961, 1962, 1963) in the Swiss 

population where seemingly normal adults with normal haematology had elevated
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levels of Hb F (1-5%). It is also referred to as heterocellular HPFH, because Hb F is 

unequally distributed over red cells.

Table: 1.6. A list of several types of non-deletional mutation. (Huisman et al.

Gy Mutation Ethnic % HbF in 
heterozygotes

Reference

-202, C->G Black 14.3-21.0 (Collins et al, 1984)
-200, +C Tunisian 18.0-23.5 (Pissard et al, 1996)
-175,T->C Black 2 2 .1 (Month et al, 1986)
-114,C->G Japanese 8 .6 (Motum et al, 1994)
-114, C^T Australian 11.0-14.0 (Fucharoen et al, 1990)
-110, A->G 0 .6 -0 .8 (Indark et al,1991)
Ay Mutation
-202,C->T Black 1.6-3.9 (Gilman et al, 1988)
-198, T->C British 1.8-13.0 (Weatherall et al, 1986)
-196, C-^T Italian/

Chinese
12.0-16 (Giglioni et al, 1984; 

Gelinas et al, 1986)
-195, C^G Brazilian 4.5-7.0 (Costa et al, 1990)
-175,T->C Black 37.0-38.5 (Surrey et al, 1988)
-117, G—>A Greek 7.1-15.6 (Collins et al, 1985; 

Gelinas et al, 1985)
-114, C-^T Georgia 4.7-4.8 (Oner et al, 1991)
13 bp deletion (-114 to -102) Black 30.1-31.8 (Gilman et al, 1988)
4bp deletion AGCA at -225 to -222 (John et al, 1987)
13 bp deletion in the CCAAT box (Mantovani et al, 1989)

1.13.4.2 Jraffs-actmg elements affecting foetal haemoglobin levels 

Fetal Cell Production Locus (FCF locus)

It was noticed that the mean F-cell and F-reticulocyte level are higher in females than 

in males (Miyoshi et al, 1988). The study of a DNA binding protein GATA-1 found that 

the gene codes for this protein were localized on the X-chromosome (Xp2I.4-21.I) 

(Zon et al, 1990), whereas the FCF locus was first reported by (Dover et al., 1992) to be 

linked to the short arm of the X-chromosome within the Xp22.2 region.

Linkage between Hb F Determinants and 6q chromosome

Extensive family studies revealed that the determinant for heterocellular HPFH does not 

segregate with the p-globin gene, suggesting the presence of a trans-diCXmg gene that
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codes for a factor involved in the erythroid maturation pathway (Cappellini et al., 1981; 

Thein and Weatherall, 1989). By using polymorphic markers covering the whole 

genome, the results indicate that the gene is linked to chromosome 6  and located within 

an 11-CM interval flanked by D6S408 and D6S292. The physical map of this 6 q region 

is a relatively placed locus, ARGl (the gene for human liver orginase), codes for an 

isoenzyme, which is predominantly expressed in the liver (Craig et al, 1996; Gamer et 

al, 1998).

1.14. CLINICAL FEATURES OF THALASSAEMIA INTERMEDIA

The most significant aspect of thalassaemia intermedia is its late presentation compared 

with transfusion dependant forms of the disease. People with thalassaemia major 

usually come to medical presentation in the first year of life due to their need for blood, 

while thalassaemia intermedia patients tend to present during the second year or later 

(Kattamis et al., 1975; Modell and Berdoukas 1984; Cao et al., 1988).

In comparison with typical patients with P-thalassaemia trait, there are significant 

clinical problems, such as: anaemia, splenomegaly, leg ulcers and bone deformity. The 

condition differs firom thalassaemia major in that the patient is not dependent on regular 

blood transfusion for survival, although transfusion may be needed occasionally, or may 

become necessary later in life. Growth and development may be normal, or they may 

have a similar pattern of retardation as occurs in under-treated transfusion dependant p- 

thalassaemia patients. Bone changes are variable and range fi*om normal to the severe 

skeletal deformities characteristic of under transfusion dependent p-thalassaemia.

Some children manage to maintain a steady state Hb levels that seems to vary, while 

others cannot. They may develop hypersplenism, and have an increased incidence of 

gallstones. Iron overload can occur; some patients develop symptoms resulting firom 

pressure on vital organs when extramodullary haemopoietic tissue forms tumour-like 

masses often in the mediastinum or pleura, or within the spinal canal, causing spinal 

cord compression.
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1.15. LABORATORY FEATURES OF P-THALASSAEMIA AND 

THALASSAEMIA INTERMEDIA

In p-thalassaemia homozygotes, red blood cell indices show that haemoglobin Hb 

(g/dl), haematocrit (HCT), RBC, MCV, MCH, and MCHC are reduced while RDW is 

increased. Haemoglobin is usually 3-7 g/dl, MCV 50-60 fl and MCH 12-18 pg. Massive 

splenomegaly, hypersplenism, in children leads to aggravation of the anaemia and a 

drop in the white cell and platelet count. Blood films show marked anisocytosis, 

poikilocytosis, hypochromia and microcytosis. While in the heterozygotes state, the 

blood film varies from almost normal, with mild microcytosis, to markedly abnormal.

Haemoglobin electrophoresis shows an increased Hb A2 percentage (4-5%) in most 

severe p° and p^ thalassaemia trait, however in mild p^ thalassaemia trait, it is usually 

3.6-4.2%. In homozygote or compound heterozygote case of P°-thalassaemia (p®/p°), 

haemoglobin electrophoresis and HPLC show only Hb F and HbAi. When there is 

homozygosity for p^ Thalassaemia (pVp^) or compound heterozygosity for p° and p^ - 

thalassaemia, Hb A is also present in variable amounts. The Kleihauer test shows that 

Hb F is irregularly distributed between cells.

The relative rate of synthesis of a- and p-globin chains in reticulocytes or bone marrow 

cells can be used for the diagnosis of thalassaemia. It is determined by the amount of 

radioactivity incorporated into both a- and p-chains after a fixed period of time. The 

interpretation of the result depends on the ratio of a:P or a:p-H/. In normal individuals, 

the (a:p+y) ratio is (0.95-1.02), while in p thalassaemia trait the ratio is (1.67-2.22). In 

severe p-thalassaemia there is always marked imbalance with virtually no P chain 

production, or a ratio of (1.5 -30) (Barbara JB., 2001; Modell et al., 1969; Weatherall et 

al., 1969).

In thalassaemia intermedia, blood films show features similar to those of typical 

thalassaemia trait, but the abnormalities are more pronounced: hypochromia, 

microcytosis, anisocytosis, poikilocytosis, basophilic stippling, and possibly 

polychromasia and circulating erythroblasts. Haemoglobin electophoresis and HPLC
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findings depend on the type of genetic disorder. HbA2 % is likely to be elevated 

somewhat more in p-thalassaemia trait, and Hb F is higher.

1.16. MANAGEMENT OF THALASSAEMIA

Blood Transfusion: The mainstay of thalassaemia management is regular blood

transfusion, iron chelation therapy and provision of other support facilities. Patients 

should receive leuco-depleted packed red blood cells, usually every two to five weeks, 

in order to maintain a pre-transfusion haemoglobin level above 9-10.5 g/dl. A hyper 

transfusion regimen that maintains mean haemoglobin of 1 0  g/dl is recommended which 

allows normal growth and physical activity (Brook et al, 1969; Kattamis et al, 1970). In 

further attempts to improve quality of life, (Propper & Colleages, 1980) suggested that 

the maintenance of a pre-transfusion haemoglobin above 1 2  g/dl should eliminate the 

chronic tissue hypoxia of anaemia. This "super transfusion" program will decrease gut 

iron adsorption, eliminate bone disease, and decrease hypercatabolism, thereby 

improving growth and development. The main disadvantage of hyper-transfusion is the 

accumulation of excess iron in the body that can damage many organs including heart, 

liver and endocrine glands (Cao et al, 1995).

However, the intermediate form of thalassaemia requires careful surveillance. Patients 

should be watched carefully in early childhood, and if there are any signs of growth 

retardation or increasing bone deformity, they should be placed on regular transfusions 

(Cao et al, 1995).

Chelatins: Iron overload occurs when iron intake increases over a sustained period of 

time, either from transfusion of red blood cells or because there is increased adsorption 

of iron from the digestive tract. Blood transfusion is the major cause in thalassaemia 

major; and increased iron adsorption seems to be more important in thalassaemia 

intermedia.

Because there is no mechanism in humans to excrete excess iron, it has to be removed 

by chelation therapy. Desferrioxamine is a complex hydroxylamine with a remarkable 

affinity for iron. One mole of desferrioxamine binds one mole of elemental iron, 

forming a highly stable iron complex: ferroxamine (Giardina and Gradt 1995). The iron 

excreted by desferrioxamine is almost equal in the urine and faeces.
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Its main disadvantage is the high cost, but also that it requires a continuous 

subcutaneous route of administration. An oral iron chelator Deferiprone (LI) is also 

available but the associated low risk of a granulocytosis has limited its used (Brittenham 

1992). Although in some clinics it is used under rigorous medical supervision, 

Deferiprone is also used in combination with desferrioxamine with good results (Wonke 

et al., 1998; Anderson LJ., et al., 2002).

Splenectomy: Splenectomy is considered for patients who are on chronic transfusion, or 

chronic chelation, or both, when the spleen is enlarged, and when transfusion 

requirement exceeds 200ml of packed red cells/ kg/ year (Graziano et al, 1981; Modell 

B, 1976 & 1977; Cohen et al, 1980; Piomelli 1995). Antibiotics such as anti- 

pneumococcal vaccine and haemophilus influenzae vaccination are prescribed for pre

splenectomy.

The management o f the cardiac complications: In the absence of effective iron chelation 

therapy, many patients develop evidence of iron-induced myocardial damage including 

cardiac arrhythmia and cardiac failure, which can lead to sudden death (Brittenham,

1994). Therefore, regular assessment of cardiac status is recommended which will 

recognise the early stages of heart disease and allow for prompt intervention (Pennell 

DJ., et al., 2003).

Immununîzation: Vaccination against hepatitis B virus (HBV) should be considered, 

where it is a significant cause of chronic liver disease and hepatocellular carcinoma in 

these patients across the world.

Osteoporosis: Almost all thalassaemia intermedia patients exhibit spinal bone mineral 

density. Osteopenic patients should be encouraged to perform active exercise, and to 

increase their dietary intake of calcium. There are drugs that may improve the 

osteoporosis (Wonke et al., 2001; Jensen CE., 1998)

Extramedullarv erythropoietic masses: Hyperplastic bone marrow leads to the 

formation of extramedullary erythropoietic tissue, mainly in the thorax and paraspinal 

region. This can cause neurological complications due to compression of the spinal 

cord. A hyper-transfusion regimen usually reduces these masses.
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Les Ulcers: This is a common complication in adult thalassaemia intermedia patients. 

Regular transfusion provides some relief.

1.17. NEW APPROACHES TO TREATMENTS:

Bone Marrow Transplantation: Allogenic bone marrow transplantation from an HLA- 

identical donor is the only curative treatment available at present. A success rate of over 

92% in selected cases has been achieved at some centres (Lucarelli et al, 1995; 1999).

Cord blood transplantation: The use of stem cells obtained from the umbilical cord 

blood collected at the time of delivery has recently received considerable interest. It has 

many advantages: stem cells can be easily obtained at birth; and it has been suggested 

that the graft versus host disease may be less severe when stem cells are obtained at this 

early point in life (Miniero, 1998).

Pharmacolosical manipulation o f HbF synthesis: Reactivation of fetal haemoglobin 

production by 5-azacytidine or hydroxyuria, increases the y-globin synthesis in bone 

marrow cells (Olivieri 1996). These drugs have been used with some success in sickle 

cell patients and thalassaemia intermedia (Steinberge et al., 2002; 2003)

Gene Theravv: Many efforts are underway to introduce gene therapy for p-chain 

haemoglobinopathies. Effective gene therapy requires vectors, which are capable of 

expressing the transferred globin gene at near physiologic levels at the appropriate stage 

of erythroid differentiation. To date, the use of retrovirus vectors is limited due to the 

restricted size of these vectors and the effect of globin gene enhancer sequences on 

vector expression and stability (Emery D., et al., 2002).

1.18. PREVENTION OF HAEMOGLOBINOPATHIES

Thalassaemia patients can be managed by regular blood transfusions, combined with 

chelation therapy and other supportive therapy, but the large cost of treatment creates a 

severe health burden in the communities. In the presence of good management, the 

increase in patients’ life expectancy is not only an increase of financial burden but also 

the amount of blood required. Cyprus, as an example, has about 600 transfiision-
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dependent thalassaemia patients, out of a total population of 600,000 (1 : 1 0 0 0  of the 

population). If the current prevention programme were not available, in 20 years’ time 

17.5% of the 400,000 possible donors would need to donate blood at least once a year to 

meet the demand of blood required for thalassaemia patients and for other purposes. 

This means that in the future, Cyprus would not have sufficient blood supplies to 

provide optimum treatment for thalassaemia patients (Angastiniotis M., 2003). 

Therefore, alongside management of the disease, prevention programmes are required 

(Angastiniotis et al., 1986).

1.18.1. DEFINITION AND GOALS OF GENETIC SERVICES

Genetic services are health instruments implemented to help people with genetic 

disadvantages to live and reproduce as normally as possible (WHO, 1985, 1996). The 

best model for controlling thalassaemia has been performed in some Mediterranean 

countries" thalassaemia control programmes” combining the best possible patient care, 

with prevention strategies by community information, carrier screening, counselling and 

the offer of prenatal diagnosis (Petrou et al., 1990).

Such control programs have succeeded in reducing the frequency of new births of P- 

thalassaemia by 80%-100% see Fig 1.11, (Cao, A. et al., 1998; Angastiniotis, M., et al

1995).

1.18.2. REQUIREMENTS OF PREVENTION PROGRAMME

1.18.2.1 Epidemiology of the disease

In order to estimate the fi*equency and the health burden of thalassaemia and 

haemoglobinopathies in a country, basic information should be available about the 

geographic areas with populations at risk, and about the frequency and distribution of 

the common mutations causing the disease. It is important to study the demographic 

structure for the population, their numbers, birth rate, infant mortality and fi*equency of 

consanguineous marriage. Additionally, political will and commitment by the 

government, which is the public health planner is essential. Funding resources may be 

available from governmental as well as non-govemmental sources (Alwan & Modell 

1997).
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Once the carrier frequency and demographic distribution of the disease is known, the 

birth incidence of thalassaemia can be calculated using the Hardy-Weinberg equation 

for a recessively inherited disorder. The estimated homozygous birth/ 1,000 in different 

countries is shown in Fig 1.12.
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Figure 1.11. The thalassaemia major birth rate in four countries. From (Modell & 
Petrou, 2003).
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Figure 1.12. Shows the haemoglobin disorder birth/ 1,000 by the WHO region, 
(Modell, 1999 personal communication).
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1.18.2.2 Population screening for carriers

The objective of genetic screening is informed choice, which represents a complex 

personal judgement in the way the burden of a genetic problem is evaluated, with the 

adequacy of available approaches for treatment and prevention (Modell, B. 2000).

Identification of couples at risk for haemoglobin disorders may be done retrospectively 

after the birth of an affected child. Retrospective diagnosis, although very useftil for 

individual couples, has a limited effect on the number of affected children in the 

community (Cao., 1987). The retrospective approach, however, may be useful in 

communities where final family size is large because a cessation of reproduction can 

reduce the birth rate of new thalassaemia patients to almost 50% (Alwan & Modell 

1997).

Initial programmes in the Mediterranean involved parents with an affected child, and 

prospective diagnosis before the birth of an affected child was implemented at a later 

stage (Cao et al., 1981).

Cascade testing for extended family members when an affected child is identified in a 

family is very useful in countries with high frequencies of consanguineous marriages. 

This approach can identify a large number of carriers (Ahmed et al., 2002; Cao et al., 

1987).

Testing couples who are childless prospectively, or couples who are planning to marry 

(premarital carrier screening), is more advantageous since it allows an informed choice, 

and the family can avoid an affected child. Society too, can avoid the health and 

economic burden of affected patients. Several countries such as Cyprus, Greece, Italy 

and Sardinia have opted for prospective screening (Angastiniotis et al., 1995; Cao et al., 

1996; Loukopoulos, 1996).

Prospective screening can be achieved by: premarital screening or at marriage as in 

Greece (Fessas., 1987); mandatory screening of couples before marriage, as in Cyprus 

(Angastiniotis et al., 1988); or screening in the antenatal clinic as in the UK (Petrou et 

al., 1990).

However, the relatives of carriers detected by population screening should also be 

informed of their risk of being carriers and should be offered testing and counselling.
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1.18.2.3Public education

Public education is crucial and should provided in parallel with population screening in 

order to provide efficient and simple information. It utilises the media, posters, leaflets, 

informative booklets, and patient/ parent associations. The patient / parent organizations 

raise the awareness of the public and government about the situation of the genetic 

disorder, highlight the needs of affected people and their families, and help to bring a 

human approach to genetic services and prevention programmes.

1.18.2.4 Genetic counselling

Genetic counselling is inseparable from genetic diagnosis, and aims to replace 

misunderstanding about the causes of genetic disease with correct information. Genetic 

counselling has been identified as: “ The process by which patients or relatives at risk of 

a disorder that may be hereditary are advised of the consequences of the disorder, the 

probability of developing and transmitting it, and the ways in which this may be 

prevented or ameliorated” (Harper P., 1988).

The basic principals of genetic counselling include the autonomy of the individual or 

couple, their right to complete information and the highest standard of confidentiality. 

The main components of genetic counselling are correct diagnosis, explanation of the 

natural prognosis and treatment of the disorder, estimation of the genetic risk for parents 

and family members, the options available for avoiding genetic risks, and supporting the 

individual or couple in making the right decision. It should also be non-directive 

(Harper 1993).

Different levels of information and counselling should accompany any screening 

program for haemoglobin disorders. Counsellors involved in offering the initial 

screening test should be able to provide simple, correct and basic counselling about the 

reasons and objectives of the programme and the benefits.

Counselling by trained experts should be available for couples at risk and families with 

affected members, and for people with an unusual carrier status. Such counselling is not 

an easy task; the counsellor should have specific skills and is required to understand the 

disorder in depth. The phenotypic heterogeneity of thalassaemia means that the genetic
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counsellors should be knowledgeable in the molecular genetics of thalassaemia, so that 

they can understand the molecular mechanism involved and communicate this 

information to families. Petrou M., (2003) gave good examples as to how genetic 

counselling and the offer of prenatal diagnosis can depend on the p-globin gene 

mutation. For example, when both partners carry the mild - 8 8  (C->T) p^ -thalassaemia 

mutation, which generally results in a very mild clinical phenotype, should they 

consider prenatal diagnosis? This is also the case for mild thalassaemia intermedia, 

which poses an ethical dilemma as far as termination of pregnancy is concerned. For 

silent mutations, on the other hand, such as -101 (C->T) that produce mild or very mild 

clinical phenotypes in the homozygous state and also when they interact with a severe 

P-thalassaemia mutation such as IVS I-110 (G^A), prenatal diagnosis should not be 

considered. The genetic counsellor should have sufficient experience and expertise to 

communicate this information and the likely outcome to the couples.

1.18.3 METHODS FOR CARRIER DETECTION

The ‘haemoglobinopathy screen’ involves the measurement of red cell indices, plus 

electrophoresis for abnormal haemoglobins and to detect HbAz levels (Fig. 1.13) (Haig,

H. & Kazazian, JR., 1990; Modell, B., 2000). The test results usually provide a clear 

answer, as to whether a couple is at risk of P-thalassaemia trait or not. The sensitivity of 

such tests is 100% for common abnormal haemoglobins and over 96% for 

thalassaemias; and the specificity is 100% for both (Modell, B., et al 2000).

Data from various populations suggest that MCH is a more sensitive indicator than 

MCV for identifying unusual forms of p-thalassaemia (Modell & Berdoukas1984).

A cut off limit for MCH below which Hb A] estimation should be done to confirm the 

diagnosis of that trait may be 27 pg (The laboratory diagnosis of haemoglobinopathies, 

(Br. J.H. 1998). A crucial diagnostic problem arises from the presence of iron 

deficiency. Hb A2 level in p-thalassaemia with concomitant iron deficiency remains in 

the higher range unless severe anaemia is present (Cao et al., 1994).
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Figure 1.13. Flow chart for p-thalassaemia carrier screening (Cao., A. et al., 
2001).

In large scale population screening for thalassaemia in a developing country, red cell 

indices may be replaced by a cost-effective one tube osmotic fragility test as a screening 

method and confirmation by Hb A2 estimation (Silvestroni & Bianco 1983).
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A problem, however, occurs when one member is clearly a carrier and the second 

partner has borderline indices and or HbAi level. Silent carriers or carriers for mild p- 

thalassaemia alleles can present with normal red blood cell indices and only mildly 

elevated HbA2 concentrations, although co-inheritance of this type of mutation with a 

severe P-allele results in a transfusion-dependent thalassaemia intermedia. The only 

current precaution to identify these individuals is mutation analysis on all marginal 

individuals whose spouse is clearly a carrier (Haig, H. & Kazazian, K., 1990).

1.19 PRENATAL DIAGNOSIS (FND)

Haemoglobinopathies were the first inherited disorders for which molecular analysis 

was used for prenatal testing in the late 70s and early 80s(Kan Y.W., and Dozy A.M., 

1978; Kan Y.W., et al., 1976; Kazeizian Jr. H.H. et al., 1980).

Couples at risk should be given an informed choice, which includes variable options 

available to them (Fig 1.14). Several studies (Model, B., et al. 2000; Petrou M. et al., 

2 0 0 0 ) show the importance of offering prenatal diagnosis in early pregnancy, as this is 

associated with a higher utilization of prenatal diagnosis and termination of an affected 

pregnancy. The decision whether or not to terminate an affected pregnancy is never 

taken lightly even in countries where prenatal diagnosis is fully accepted.

Prenatal diagnosis was initially carried out by fetal blood sampling (PBS) and by globin 

chain biosynthesis (GCS) (Alter Y.W., 1987; Congote L.F., 1982), in the mid trimester 

of pregnancy.

1.19.1 FETAL BLOOD SAMPLING (FBS)

Fetal blood sampling was done using the fetoscopic technique (Rodeck and Campbell, 

1979), either by placental aspiration (Fairweather et al., 1978), or later by cordocentesis. 

The disadvantage of these methods is that they are performed in the mid-trimester of 

pregnancy (at or after 18 weeks of pregnancy).
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Fetal blood was first used for prenatal diagnosis (PND) of haemoglobinopathies in 1974 

(Kan Y.W., et al., 1975, Alter B.P. et al., 1976) using several different techniques to 

determine the rate of biosynthesis of a -  and p-globin chains (p/y chain ratio) fi*om fetal 

reticulocytes. The presence of Hb A in the mid trimester fetus had been known since 

1955, and was confirmed by (Kazazian et al., 1972,1974) and by (Stamatoyanopouls 

1972) (Fig. 1.15). At expert centres, the fetal loss rate is 1-2% (Jauniaux & Petrou 

2003). Fetal blood sampling has been replaced by amniocentesis and chorionic villus 

sampling (CVS).

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

Weeks gestation

Figure 1.15. Hb A% detectable in the human fetus, (Data from Walker and 
Turnbull, 1955).

1.19.2 AMNIOCENTESIS

Amniocentesis is usually performed in the second trimester, jfrom 15 weeks onwards, 

15-20 ml of amniotic fluid, containing fetal cells, is aspirated fi*om the amniotic sac 

surrounding the fetus. In 1978 the Hpa /  restriction enzyme was used for the diagnosis 

of Sickle cell anaemia from amniotic fluid fibroblasts (Kan Y.W., and Dozy A.M., 

1978), and later thalassaemia was diagnosed by using (RFLP) linkage analysis (Little et 

al., 1980; Kazazian Jr H.H. et al., 1980; Old J. et al., 1984). DNA analysis can be 

performed directly on amniotic cells using PCR (Pertle et al., 1994) when enough 

amniocytes cells are obtained, eliminating the need of culturing amniotic fluid cells. 

Amniocentesis has a low risk of miscarriage: 1%.
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1.19.3 CHORIONIC VILLUS SAMPLING (CVS)

With the development of sophisticated ultrasound scanners, prenatal diagnosis can be 

done by CVS. This is possible in the first trimester of pregnancy (Ward et al., 1983). 

Two approaches are carried out: transcervical (TC), and transabdominal (TA) (Fig. 

1.16) (Ward et al., 1983). The miscarriage rate in experienced hands is less than 1% 

(Jauniaux & Petrou M 2003).

Catheter

J  Speculum to hold 
vagina open

a) Transcervical chorionic villus

Needle Is used to 
obtain chorionic 
material

Amniotic 
fluid

Ultrasound 
scanner

^ -V a g in a
Fetus

Developing
placenta

b) Transabdominal chorionic villus

Figure 1.16. CVS performed at 9-12 weeks of pregnancy either (a) by 
transcervical (TC) aspiration approach or (b) by transabdominal (TA) aspiration 
of chorionic villi under concurrent ultrasound guidance (Alwan A. & Modell B., 
1997).

1.19.4 DNA ANALYSIS FOR FETAL SAMPLES

The introduction of DNA diagnostic methods for haemoglobin disorders in 1982 using 

southern blot analysis technique, led to the development of CVS as a first trimester 

prenatal diagnosis (PND), (Old J. et al., 1982), PCR-based techniques were introduced 

in 1989 after the invention of ARMS (Newton et al., 1989), and were developed for the 

detection of the UK common (3-thalassaemia mutations (Old J et al., 1990).
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Several techniques are used in prenatal diagnosis such as southern blot analysis, RFLPs, 

ARMS-PCR, reverse dot blot, sequencing, and DGGE. Microsatellite and polymorphic 

markers are used to exclude the risk of maternal contamination.

1.20 THALASSAEMIA IN JORDAN

Jordan is a small country situated in the Mediterranean basin between Europe, Asia, and 

Africa, extending from the southeastern shores of the Mediterranean eastwards into the 

Arabian Desert see Fig. 1.17. Jordan has a total area of 96,188 square km, including the 

Dead Sea.
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ISTMt occupied wrth 
curreoi sU h« subîect 
to Hie IsraefrPatestmian 
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permanent status to tie 
determined through 
(ufHier negotiabon.

EGYPT
AI ‘Aqabah

Guff of 
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Figure 1.17. Jordan is bounded by Syria in the north, fraq in the northeast, Saudi 
Arabia in the east and occupied Palestine in the west.

The population of Jordan is 5,153,378 with a growth rate of 3.8%. The birth rate is 44 

births/1,000 population/year, with an infant mortality rate of 20.4 deaths/1,000 live 

births/year and an overall fertility rate of 3.29 children bom/women/year (July 2001 

statistics). Jordanian and Palestinian families are generally quite large. The average
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number of offspring per woman in Jordan it is 5.8 while in the West Bank and Gaza it is 

7.8, (Courbage and Khlat, 1993).

The population is divided geographically into three distinct sections: the urban area of 

the capital Amman; the Bedouin southern and eastern desert; and the agriculturally 

oriented northern sector. The majority of Jordanians are Sunni-Muslim: 92%; the 

remainder are Christian: 6 %, (mainly Greek Orthodox, but with some Greek Catholic, 

Roman Catholic, Syrian Orthodox, Coptic Orthodox, and Protestant denominations); 

and the other 2% are of small Shi’a Muslim and Druze populations. Ethnicity consists 

of 98% Arabs, 1% Circassians and 1% Armenians (July 2001 statistics).

Jordan has had an important place in human civilization, and has been conquered 

successively by the Aramaeans, Babylonians, Persians, Romans, Muslim Arabs in the 

mid 7* century. Crusaders from 1099 -  1517, and the Ottoman Turks from 1918 until 

World War I.

In 1922 Britain designated the Jordan River the boundary between Palestine to the west 

and Trans-Jordan to the east. Between 1918-1948 Jews were permitted to immigrate to 

Palestine, and the Palestinians were forced to leave their homes and lands in Palestine. In 

1952 and 1967 the influx of Palestinian refugees increased the population of Amman as 

well as the population of Irbid and Zarqa.

The "native" Jordanians are the Bedouin in the southern and eastern desert, and the 

inhabitants of the settled villages and towns that have existed in the land of Jordan for 

millennia. During the late 19* and early 20* centuries, periodic waves of people from 

the Caucasus region of Asia, Armenia, Palestine, the Hijaz (western Saudi Arabia), 

Syria and Iraq settled in Jordan. Such diverse history, and the waves of immigration 

have contributed to the unique ethnicity of the Jordanian population.

1.20.1 FREQUENCY OF HAEMOGLOBINOPATHIES IN JORDAN

Thalassaemia is the most common inherited diseases in Jordan: there are 1,000 cases 

reported with an increment of 97 cases per year (WHO, 1994 updated 2001). The
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overall carrier rate ranges from 3-5% (Bashir et al, 1991, 1992; Sunna et al, 1996). 

More details are provided in chapter 6 .

A study of school children in the Jordan Valley and north Jordan found the frequency of 

a-thalassaemia trait was 3.5% (Bashir et al, 1991). The prevalence of sickle cell trait in 

school children in the Jordan Valley was 0.44-0.9% (Bashir et al, 1991). More details 

are provided in chapter 6 .

The estimated frequency of haemoglobin disorders in Jordan and neighbouring 

countries provided by the WHO are listed in Table 1.7

Alwan and Modell (1997) calculated the number of at risk pregnancies. At risk 

pregnancies would need to be identified. The next step would be to establish 

counselling services and prenatal diagnosis. This would also involve in depth studies of 

p-thalassaemia mutations and cost effective strategies for prenatal diagnosis. Sadiq et 

al., 2001 carried out a study of p-thalassaemia mutations in North Jordan, Zarqa, with a 

few samples from Amman 9/135. However, this study did not differentiate between 

thalassaemia major and thalassaemia intermedia patients.

Another important issue that would determine the success of a thalassaemia prevention 

programme would be the attitude of at risk couples towards prenatal diagnosis and 

termination of pregnancy.

In the Mediterranean, extensive data now exists about the acceptability of prenatal 

diagnosis. There is no such data for predominantly Muslim countries except Pakistan, 

where 90% of women terminate an affected fetus (Ahmed et al., 2000). Most couples 

opposed to terminations are so for religious reasons. Iran too, has implemented 

premarital screening and is now setting up national prenatal diagnosis centres. In both 

countries, religious Fatwas were issued allowing termination in the first trimester of 

pregnancy; and in Pakistan, up to 120 days gestation for genetic disorders (Petrou M., 

2003).
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Table: 1.7. Estimates of the frequency of Haemoglobin disorder in Jordan and 
neighbouring countries. Global summary table, provided by WHO, 
1994 updated in 2001.

Country Pop. In 

M illions

Birth 

rate 

/I  000

Annual 

births X 

10^

%

Heteroz

ygotes

Total

Heteroz

ygotes

Thousands

H om oz

ygotes

Births/

Thousand

Total aimual

H om ozygotes

Births

% aimual births 

o f  H om ozygotes

SS S/Th B-

TM

Jordan 5.15 38.9 161 3.5 145 0.6* 97 9 21 70

Palestinian 2.25 40 90 3.5 79 0.6* 54 11 + 89

Bahrain 0.520 28.4 15 13 68 8.5* 128 67 18 15

Cyprus 0.71 18.6 13 17 121 7.2 94 + 5 95

Iran 55.76 42.5 2,370 4 2,230 0.8* 1.896 16 18 66

Iraq 19.58 42.6 834 6 1,175 1.8* 35 38 24 38

Israel 4.98 22.2 111 + + + + 4" + +

Kuwait 2.1 28 59 4 84 0.8* 47 64 18 18

Lebanon 2.75 31.7 87 4 110 0.8* 70 17 17 66

Oman 1.56 45.6 71 6 94 1.8 128 77 12 11

Qatar 0.38 22.7 9 6 23 1.8* 16 36 28 36

Saudi Arb. 14.69 42.1 618 9.6 1,410 4.6 2,842 74 14 12

Syria 12.99 44.6 579 6 779 1.8* 1,042 10 40 50

UAE 1.63 22.8 37 5 82 1.25 46 27 17 56

Turkey 60.78 26.1 1,586 2.5 1,520 0.32 508 12 16 72

Egypt 54.69 37.9 2,073 2.8 1,531.1 0.37* 808 . 4 6 86

* Corrected from Hardy-Weinberg equation, multiplied by 2, to allow for effects of 

customary consanguineous marriage.

Palestinians = population of West Bank (~ 1.25 millions) and Gaza Strip (~1 million)

1.20.2 CONSANGUINEOUS MARRIAGE IN JORDAN & PALESTINE

Consanguineous is usually defined as marriage between people who are second cousins 

or closer and the progeny of consanguineous marriage is “inbred” (Bittles, 1994). The 

chances of inheriting two identical genes, including neutral as well as pathological 

genes, at a particular locus are increased if parents are close relatives (Bodmer, & 

Cavalli-Sforza, 1976).

The main genetic consequence of consanguineous marriage is a reduction of genetic 

variation and an increase in the proportion of homozygotes.

The data on the association of consanguineous marriage and harmful traits have 

completely overshadowed the beneficial traits associated with consanguineous
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marriage. The advantages of consanguineous marriages in societies that favour it 

includes: strengthening the family ties; in societies that practice segregation of the 

sexes, relative ease for both men and women in finding suitable partners; and support 

for women’s status, as well as a better relationship with her in-laws. It also provides 

financial security (Modell & Darr 2002).

Coefficient o f inbreeding: the genetic effect of consanguineous marriage and the

resulting inbreeding are measured by a coefficient (F), first proposed by Sewal Wright. 

The coefficient of inbreeding is the probability that an individual receives at a given 

locus two genes that are identical by descent. The value F for first cousins marriage is 

0.0625 i.e. 6.25% of the genes are identical (homozygosity) by descent, (more correctly 

autozygosity). For 1 V2 cousin (first cousin once removed) and for second cousin 

marriages F is 0.0313 and 0.0156 respectively.

In a population study from Jordan, 50% of marriages were found to be consanguineous 

(Khory SA and Massad D, 1992), first-cousin marriage accounted for 32%, second- 

cousin marriages was 6 .8 %, and distant-relationship 10.5%. Other studies reported that 

first cousin marriages accounted for 58-65% of all consanguineous marriages, and that 

the rate of consanguinity in north Jordanians was 63.7%, with an average inbreeding 

coefficient 0.0283 (Al-salem and Rawashdeh, 1993; Touk M, 1987; Janson, S et al., 

1990). Similarly, the fi*equency of consanguineous marriage among Palestinians was 

found to be 50% (Jaber et al, 1994).
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CHAPTER 2 
MATERIALS AND METHODS

This study was carried out at the Genetic Laboratory within the Faculty of 

Medicine at Jordan University in Amman in Jordan, and at the Perinatal Centre in the 

Department of Obstetrics and Gynaecology at University College London in the United 

Kingdom.

2.1.SUBJECT’S

A total of 172 unrelated transfusion-dependent p-thalassaemia major and 107 

thalassaemia intermedia patients were included in this study.

Patients were receiving treatment at several paediatric clinics at Jordan University 

Hospital, King Hussain Medical City, Al-Basher Hospital, Al-Eslami Hospital in 

Amman, and at Princess Rahmeh Hospital in Irbid.

2.2. SAMPLING

Different haematological, molecular and biochemical tests were investigated, for which 

different blood samples were required. 15-20 cc of venous blood samples were collected 

before transfusion in anticoagulation tubes containing ethylene diamine tetra-acetic acid 

(K2EDTA) to measure the full blood count (FBC), haemoglobin electrophoresis and for 

DNA extraction. Serum was separated from blood collected in plain tubes for 

examining serum ferritin levels, serum Erythropoietin (sEpo), serum Transferrin 

Receptor (sTfR) and for liver function analysis.

23. PATIENT HISTORY AND FAMILY PEDIGREE

Information about the patient, including: age, sex and clinical status. Extended family 

study for one reported patient was included with the family pedigree using Cyrillic 3 

Software.

2.4. REAGENTS

• Enzyme-linked immunosorbent kit was used to measure serum Erythropoietin 

(Epo) (ELISA; R&D Systems, UK)
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• Automated immuno-turbudimetric Kit was used to measure Serum Transferrin 

Receptor (S-TfR) (IDeA® s TfR-IT; Orion Diagnostica).

• Microparticle Enzyme Immunoassay (MEIA) kit was used to measure serum 

ferritin levels using AxSYM Ferritin automated assay (supplied by Abboot 

AxSYM®system, Illinois).

• Taq polymerase was from Roche, Diagnostic GmbH, Germany, and from Perkin 

Elmer, UK.

• Deoxynucleotide triphosphate (dNTP), and Proteinase K (PCR-Grade) were 

from Roche, Diagnostic GmbH, Germany.

• Primers were synthesized by Oswell, UK, and Pharmacia Biotech, UK.

• NuSieve agarose from PMC Corporatio, UK.

• Restriction endonuclease enzyme from GIBCO BRL, UK.

• Monoclonal anti-Hb F conjugated TC (MoAb-HbF-FITC) and IgGl conjugate 

TC (isotype Tri-Colour control from CALTAG, Burlingame, CA, USA).

• Performance Optimised Polymer 4, POP-4™, Performance Optimised Polymer 

6 , POP-6 ™), Gene Scan® -500 (TAMRA) size standard, and Big Dye™ 

Terminator Cycle sequencing kit v2.0 was supplied by Applied Biosystems, PE, 

Warrington, England.

2.5. EQUIPMENT

• Blood cell analyser model Sysmex SE 9500 (plus reticulocyte count) from 

Sysmex, Kobe, Japan.

• HPLC analyser model BioRad Variant from BioRad, Hercules, CA, USA.

• DNA thermal cycler 480, and 9600 were from Perkins Elmer, Warrington, 

England.

• Vertical denaturing gradient CDC electrophoresis system from BioRad, USA.

• PAGE GenePhore Electrophoresis Unit, GeneGel Excel 12.5/24 kit, Hoefer and 

Automated Gel Stainer together with PlusOne DNA Silver Staining Kit, provided 

by Pharmacia Biotech, Herts, England.

• The ABI Prism™ 310 Genetic Analyser, made by Applied Biosystems, 

Warrington, England.

• Flow cytometer model Coulter Epics XL-MCL, Coulter-Beckman, Luton, UK.
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METHODS:

2.6.HAEMATOLOGICAL ANALYSIS:

2.6.1. Red Cell Indices:

Complete blood counts were obtained on an automated blood cell analyser (Sysmex SE 

9500 -Japan).

The basic haematological evaluation for each patient and family member included; 

Haemoglobin (Hb) (g/dl). Red Cell Count (lOVmm^), HCT (%), Mean Cell Volume 

(MCV) (pm^). Mean Cell Haemoglobin (MCH) (pg), and Reticulocyte Count. Family 

members who had MCV< 75pm^ or MCH < 25 pg (Modell and Berdoukas 1984), were 

identified as p-thalassaemia trait after the estimation of HbA2.

2.6.2. Haemoglobin electrophoresis:

Hb F and Hb Az levels were quantified by cation exchange high-performance liquid 

chromography (HPLC) using the BioRad Variant analyser (BioRad, USA).

An HPLC column is used for separating haemoglobin variants on the basis of 

characteristics such as size, hydrophobicity and ionic strength. Haemolysed specimens 

are maintained at 12 ± 2°C before the analysis. As the elution buffer mixture passes 

through the chamber, the ionic strength of the buffer increases and haemoglobins are 

retained on the column. When haemoglobins are separated, they can be monitored 

optically in the eluate, by a dual wavelength filter photometer (415 and 690 nm), 

detecting the absorbance changes at 415 nm. Windows have been established for the 

most frequently occurring haemoglobins based on their characteristic elution time 

(retention time) and quantified by computing the area under the corresponding peak in 

the elution profile (Fig.2.1). This analysis was carried out using the VARIANT™ 

p-thalassaemia Short program, and HPLC analyser model BioRad Variant (BioRad, 

Hercules, CA, USA). The VARIANT is fully automated and was used to determine the 

percentage of both Hb A% and Hb F, and at the same time, it can detect the most 

common haemoglobin variants such as haemoglobin D, S, C and E (Table 2.1 

summarizes the expected Hb values in healthy and thalassaemic patients).
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Figure 2.1. Sample chromatograms using VARIANT Beta thalassaemia Short: 1) 
Normal pattern HbF: 0.5% and HbA]: 3.1%, 2) p-thalassaemia carrier HbF: 
0.0% and HbA2: 4.1%, 3) Thalassaemia intermedia patients HbF: 9.3% and 
HbA]: 7.2%, 4) Thalassaemia intermedia patients HbF: 36.8% and HbA]: 6.2%.

Table: 2.1. The expected values for both HbA] and HbF in healthy and 
thalassaemic patients, using VARIANT p-thalassaemia Short Program. 
Provided by BIO-RAD

Diagnosis HbA2 level HbF level
Normal 2 .1-3.0% <1%
Heterozygous p-thalassaemia 4-9% 1-5%
Homozygous p-thalassaemia Normal or increased 80-100%
Heterozygous HPFH <1.5% 1 0 -2 0 %
Homozygous HPFH Absent 1 0 0 %
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2.7. BIOCHEMICAL ANALYSIS:

Serum was stored at -20 °C until analysis. Concentrations of serum Erythropoietin 

(sEpo) and Serum Transferrin Receptor (sTfR) were measured using Enzyme linked 

immunosorbent assay (ELISA; R&D Systems, UK) at UGH: and automated immuno- 

turbudimetric assay (IDeA® s TfR-IT; Orion Diagnostica) at the UCL haematology 

department respectively.

Serum Ferritin levels for thalassaemia intermedia patients were measured by a 

Microparticle Enzyme Immunoassay (MEIA) method at UJH in Amman, using the 

AxSYM Ferritin automated assay supplied by Abbott AxSYM®system, Illinois. The 

expected ferritin levels values published by AxSYM Abbott laboratories are shown in 

Table 2.2. Ferritin levels below 10 ng/ml have been reported as indicative of iron 

deficiency anaemia (Forman, D.T., et al., 1980; Strandberg Pedersen, N. and Morling, 

N. 1978).

Table: 2.2. The expected values for ferritin levels published by AxSYM 
Abbott laboratories

Normal range Range (ng/ml)

Adult males (18-30 years) 18.7-323.0
Adult males (31 -60 years) 16.4-293.9
Adult females (premenopausal) 6.9-282.5
Adult females (postmenopausal) 14-233.1

Liver function tests were performed on fresh serum samples to measure the levels of 

enzymes and other substances as a way of diagnosing liver problems. These includes: 

Alkaline phosphotase. Alanine transaminase (ALT), Aspartic transaminase (AST), 

Gamma glutamyl transpeptidase (GOT), Lactic dehydrogenase (LDH), albumin level, 

protein levels, and the Bilirubin (Total and direct) levels.

2.8. MOLECULAR GENETIC ANALYSIS:

2.8.1. DNA extraction:

10-15 ml of blood was collected in EDTA tubes. The red blood cells were lysed by 

adding 10 ml of solution consisting of 315 mM sucrose, 10 mM Tris-HCl (pH 8.0),
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5 mM MgC12, and 1% Triton X-100. White cells were then digested by adding 10 ml of 

solution containing lOOmM NaCl, 25mM EDTA.Nai (pH 8.0). Protein was digested 

with 0.5% SDS and 0.5 mg Proteinase-K and left overnight at 37°C. DNA extraction 

was carried out using the conventional phenol/ chloroform method (Maniatis 1989), 

DNA was precipitated using 100% ethanol, washed with 70% ethanol, dried, and re

dissolved in water to yield a final concentration of approximately 0.5 p-g/pl, which was 

then stored at -20® C.

DNA concentration was measured using a spectrophotometer, at optical density 260 nm 

(OD260)[GeneQuant (RNA/ DNA calculator), Pharmacia].

DNA concentration (pg/pl) = OD260 X dilution factor X 50 

[1 OD260 is equal to 50 pg double stranded DNA].

2.8.2. MUTATION ANALYSIS FOR p-THALASSAEMIA 

Strategy for mutation analysis

DNA samples were initially screened for the most common Mediterranean mutations by 

using multiplex Amplification Refi*actory Mutation System (multiplex ARMS-PCR). If 

this was unsuccessful, samples were screened by Denaturing Gradient Gel 

Electrophoresis (DGGE) to identify the region of the gene where the mutation may be 

present (Cai and Kan 1990). The region of p-globin gene that was found to contain the 

mutation by DGGE was then reanalysed by ARMS-PCR, Restriction Enzyme analysis 

(RE), or Gap-PCR, for the specific mutations known to be in that region. If this failed to 

reveal the p-globin gene mutation, the DNA was sequenced.

2.8.2.1 Amplification Refractory Mutation System (ARMS-PCR)

The principle of ARMS-PCR:

The principle of ARMS-PCR is based upon the fact that oligonucleotide primers with a 

mismatched 3’ end will not function as amplimers in the PCR under appropriate specific 

conditions (Newton et al, 1989). Therefore, oligonucleotide primers could be designed 

in such a way that the 3’ end of each primer will only amplify DNA that is perfectly 

complementary to the normal or the mutant sequence at the point of mutation. These 

allele specific primers can be complementary to the coding or the anticoding strands and 

are consequently coupled with an upstream or downstream primer.
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When designing ARMS primer, a deliberate mismatch was introduced at a position four 

nucleotides from the 3’ end in order to increase the specificity (A/G, G/A, and C/C 

mismatches are preferred). Typical primers are 28-30 bp nucleotides in length, and have 

approximately 50-60% GC content, which will enable ARMS primers to tolerate high 

annealing temperature for increased stringency, and to eliminate non-specific 

amplifications. However, care was taken to avoid creating regions that would result in 

self-annealing or is complimentary to the other primers (Kwoks et al., 1990; Varawalla, 

N. 1992). Furthermore to ensure that the absence of the amplified product is due to the 

absence of the corresponding sequence (either normal or mutant), and not due to 

inefficient PCR conditions, another primer set was included in the same PCR reaction 

as an internal control, to amplify a different fragment simultaneously. A combination of 

various primer sets can also be used to amplify multiple loci in the same PCR assay 

(known as Multiplex PCR). Care was taken to ensure that there was no interaction 

between unrelated primers; that their PCR product length did not overlap after 

electrophoresis and that all primers used had the same annealing temperature and PCR 

conditions.

The annealing temperature for each oligonucleotide primer was estimated using the 

following equation: 79.51 + 0.41 [(CG /L) *100] + (820/ L). Where 79.51 is a constant, 

C: cytosine, G: guanine, L: primer length, and %CG = Number of GC nucleotides / L.

PCR conditions for ARMS:

DNA extracted from both p-thalassaemia major and thalassaemia intermedia patients 

underwent mutation analysis for the p-globin gene, starting with Multiplex ARMS- 

PCR for the most common p-thalassaemia Mediterranean mutations: IVS I-llO 

(G^A), IVS I-l (G->A), IVS 1-6 (T->C), IVS H-745 (C->G), IVS H-1 (G ^A ) and 

C39 (C->T).

ARMS- PCR was carried out in a 25 pi reaction mixture containing 5 pm of each 

primer, 0.5 units of Taq polymerase (Roche, Diagnostic GmbH, Germany), 200 pM of 

each deoxynucleotide triphosphate (dNTP) (Roche, Diagnostic GmbH, Germany), 10 

mM Tris HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCb, 100 mg/ml gelatine, 1 pM 

spermidine and 0.3-0.5 pg of genomic DNA. A Perkin-Elmer 480 thermal cycler was 

used to perform 25 cycles of PCR, with dénaturation at 94°C for 1 minute, primer
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annealing at 65°C for 1 minute, and DNA extension at 72°C for one and a half minutes. 

In the final cycle, the extension reaction was prolonged for another 3 minutes. The 

sequence of ARMS primers used in this study is presented in Table 2.3.

The primers were in use for the prenatal diagnosis of p-thalassaemia at the Perinatal 

Centre, UCH, London. Primers were synthesized by Oswell, UK, and Pharmacia 

Biotech, UK. Another set of primers (1&2) was used as an internal control for the PCR, 

amplifying the distal part of the p-globin gene producing a 861 bp fragment. The same 

set of primers was also used to screen the 619 bp deletion in that region, which when 

present results in amplification of a 242 bp fragment instead of a 861 bp fragment.

The PCR product from ARMS was mixed with 5 pi of loading dye (0.05% 

bromophenol blue, 15% ficol, and 10% glycerol). Electrophoresis was carried out in 2% 

NuSieve (FMC Corporatio, UK)/ 2% Agarose gel at 150 V, 300 mA, for 1 hour.

Table: 2.3. List of ARMS primers used for each mutation, and the 
expected fragment size.

Control common 1 
Control common 2 
Constant common 3 
Constant common 4

CAA TGT ATC ATG CCT CTT TGC ACC 
GAG TCA AGG CTG AGA GAT GCA GGA 
ACC TCA CCC TGT GGA GCC AC 
CCC CTT CCT ATG ACA TGA ACT TAA

Mutation Primers sequence (5’->3’) Used size 
with (bp)

IVS1-110M(G->A)
IVSl-llON
IVS1-1M(G->A)
IVSl-1 N
IVS1-6M(T-^C)
IVS1-6N
C39M(C^T)
C39N
IVS 11-1 M(G->A) 
IVS2-1 N
IVS 2-745 (C-^G)M
IVS 2-745N
-87M(C^G)
IVS1-5M(G->C)
IVS1-5N
Sickle M(A->T)
Sickle N
C37(TGG->TGA)M
C37N
C 8 M(-AA)
C 8 N

ACC AGC AGC CTA AGG GTG GGA AAA TAG AGT 
ACC AGC AGC CTA AGG GTG GGA AAA TAC ACC 
TTA AAC CTG TCT TGT AAC CTT GAT ACG AAT 
TTA AAC CTG TCT TGT AAC CTT GAT ACG AAC 
TCT CCT TAA ACC TGT CTT GTA ACC TTC ATG 
TCT CCT TAA ACC TGT CTT GTA ACC TTC ATA 
CAG ATC CCC AAA GGA CTC AAA GAA CCT GTA 
TTA GGC TGC TGG TGG TCT ACC CTT GGT CCC 
AAG AAA ACA TCA AGG GTC CCA TAG ACT GAT 
AAG AAA ACA TCA AGG GTC CCA TAG ACT GAC 
TCA TAT TGC TAA TAG CAG CTA CAA TCG AGG 
TCA TAT TGC TAA TAG CAG CTA CAA TCG AGC 
CAC TTA GAC CTC ACC CTG TGG AGC CAC CCG 
CTC CTT AAA CCT GTC TTG TAA CCT TGT TAG 
CTC CTT AAA CCT GTC TTG TAA CCT TGT TAC 
CCC ACA GGG CAG TAA CGG CAG ACT TCT GCA 
CCC ACA GGG CAG TAA CGG CAG ACT TCT GCT 
TCC CCA AAG GAC TCA AAG AAC CTC TGC GTT 
TCC CCA AAG GAC TCA AAG AAC CTC TGC GTC 
ACA CCA TGG TGC ACC TGA CTC CTG AGC AGG 
ACA CCA TGG TGC ACC TGA CTC CTG AGC AGA

3 390 bp

3 281 bp

3 286 bp

3 436 bp
4 299 bp
3 634 bp

2 328 bp
4 683 bp

3 285 bp

3 207 bp

3 432 bp

4 520 bp
522 bp
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Mutation Primers sequence (5’->3’) Used
with

size
ib p l

Fr8/9M(-K3)
Fr8/9N
F rl6 M(-C)
-8 8 M(C^T)
-88N
-90 (C^T)
Cap+1M(A^C)
C5M(-CT)
C5N
C 6 M(-A)
C15M(G^A)
C15(-T)M
C15N
-28M(A->G)
-30(T^A)
C30M(G->A)
C30M(G->C)
C30M(A^C)
C30N
-29M(A-^G)
IVS2 (3)’M
(CAG->AAG)
-27(A->C)
CIM(-G)
HbSM
HbSN
HbCM
HbCN
HbE M

CCT TGC CCC ACA GGG CAG TAA CGG CAC ACC 
CCT TGC CCC ACA GGG CAG TAA CGG CAC ACT 
TCA CCA CCA ACT TCA TCC ACG TTC ACG TTC 
TCA CTT AGA CCT CAC CCT GTG GAG CCT CAT 
TCA CTT AGA CCT CAC CCT GTG GAG CCT CAC 
CAT CAC TTA GAC CTC ACC CTG TGG AGA CAT 
ATA AGT CAG GGC AGA GCC ATC TAT TGG TTC 
ACA GGG CAG TAA CGG CAG ACT TCT CCG CGA 
ACA GGG CAG TAA CGG CAG ACT TCT CCG CAG 
CCC ACA GGG CAG TAA CGG CAG ACT TCG CCC 
TGA GGA GAA GTC TGC CGT TAC TGC CCA GTA 
CTG AGG AGA AGT CTG CCG TTA CTG CCA TGG 
TGA GGA GAA GTC TGC CGT TAC TGC CCA GTG 
AGG GAG GGC AGG AGC CAG GGC TGG GCT TAG 
GCA GGG AGG GCA GGA GCC AGG GCT GGC CAA 
TAA ACC TGT CTT GTA ACC TTG ATA CCT ACT 
TAA ACC TGT CTT GTA ACC TTG ATA CCT ACG 
AAA CCT GTC TTG TAA CCT TGA TAC CAA ACG 
TAA ACC TGT CTT GTA ACC TTG ATA CCT ACC 
GGG CAG GAG CCA GGG CTG GGT ATG
TCA TGT TCA TAC CTC TTA TCT TCC TCT CAA
GGG AGG GCA GGA GCC AGG GCT GGG CAG AAC 
GGC AGA CTT CTC CTC AGG AGT CAG GTC CAC 
CCC ACA GGG CAG TAA CGG CAG ACT TCT GCA 
CCC ACA GGG CAG TAA CGG CAG ACT TCT GCT 
CCA CAG GGC AGT AAC GGC AGA CTT CTC GTT 
CCA CAG GGC AGT AAC GGC AGA CTT CTC GTC 
TAA CCT TGA TAC CAA CCT GCC CAG GGC GTT

3 215 bp
214 bp

3 238 bp
4 684 bp
4 687 bp
4 596 bp
3 205 bp
3 206 bp
4
4 500 bp
4
4 710 bp
4 706 bp
3
3 279 bp
3
3
4 700 bp
2 635 bp
4 623 bp
3 2 1 2  bp
3 208 bp

3 207 bp
3 278 bp

The gels were staiüed with ethidium bromide (250 p g /100 ml) for 30 minutes, washed 

with distilled water for 15 minutes and then visualised under 302 nm UV light, and 

photographed using black and white Polaroid 667 instant films.

Patient DNA that was positive for a specific mutation, was tested for the presence of the 

normal allele for that mutation, in order to identify if they were homozygous or 

compound heterozygous for that mutation. Samples with a normal allele required 

further screening to detect other mutations.

2.S.2.2. Restriction endonuclease analysis (RE):

Genetic mutations which create a recognition site for a restriction enzyme, either in the 

normal or the mutant alleles, were detected by amplifying the region flanking the
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mutations, followed by restriction enzyme digestion (Kulozik, A.E., et al., 1988; 

Hussein, I.R. et al., 1993). This method was applied for several mutations listed in 

Table 2.4.

PCR conditions were the same as ARMS, except for the annealing temperature (see

Table 2.4). Digestion was carried out by incubating 20 pi of PCR product overnight at

37 ®C, with 10 units of restriction enzyme (GIBCO BRL, UK), and buffering conditions

as provided by manufactures. Digested fragments were electrophoresed and visualized

the same way as ARMS-PCR. Control samples, normal, heterozygous, and homozygous

samples were included when available for each PCR run, otherwise a lane marker was

loaded alongside ((|)X-174-RF DNA/ Hae HI fragments GIBCO BRL, LIFE

TECHNOLOGIES).

Table: 2.4. List of the mutation sites, the sequence of the primers 
used to amplify the respective fragments, the aimealing temperature, and 
the correspondence restriction enzymes used for each mutation.

Mutation site Restriction
enzyme

Primers sequence (S’—►S’) Annealing
temp.

Frame shift Cd 5/6 CvnI GGC CAA TCT ACT CCC AGG AG 
ACA TCA AGG GTC CCA TAG AC

62°C

Cd 27 Hb Knossess Hphl GGC CAA TCT ACT CCC AGG AG 
ACA TCA AGG GTC CCA TAG AC

62°C

Cd 37 (TGG->TGA) Avail GGC CAA TCT ACT CCC AGG AG 
ACA TCA AGG GTC CCA TAG AC

62°C

Cd39 (C->T) Mae I GGC CAA TCT ACT CCC AGG AG 
ACA TCA AGG GTC CCA TAG AC

62°C

IVS n -1 (G->A) Hphl GGC CAA TCT ACT CCC AGG AG 
ACA TCA AGG GTC CCA TAG AC

62°C

Hb S (GAG-^GTG) Ddel GGC CAA TCT ACT CCC AGG AG 
ACA TCA AGG GTC CCA TAG AC

62°C

IVSll-745 Rsal TGC CTC TTT GCA CCA TTC TA 
GAC CTC CCA CAT TCC CTT TT

55^C

HbD ECoRI TAT CAT GCC TCT TTG CAC CAT TC 
AAT GCA CTG ACC TCC CAC ATT CC

60°C

0^Cd27 ECO
01091

TAC ATT CCA CTA TAT TAG CC 5' 
CAG TAT TCT ATG CCT CTC AT 3'

56°C

2.S.2.3. Denaturing Gradient Gel Electrophoresis (DGGE) analysis:

Principle:

DGGE is based on the fact that denaturing (or melting) of the double stranded DNA 

retards its mobility on polyacrylamide gel electrophoresis (Fischer, S.G., and Lerman
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1983). This method was employed to determine the presence of point mutations within 

relatively small fragments of DNA (up to 500 bp) (Myers, R.M. et al., 1987).

DGGE involves the electrophoresis of double stranded DNA molecules in a 

polyacrylamide gel containing linearly increasing concentrations of denaturing agents. 

The separation of the DNA fragments is based on the melting properties of the DNA 

molecule as it proceeds through the gradient gel. It will reach a point where the 

concentration of denaturing agent equals the Tm of its lowest melting domain, causing 

dénaturation, which is dependent on the nucleotide sequence of the fragment under 

study. At the point along the gradient where the DNA fragment undergoes partial 

dénaturation, its electrophoretic mobility will be strongly retarded and, therefore, two 

double stranded molecules of the same length but differing by a single nucleotide, can 

be separated.

DNA fragments including base changes within the domain with highest Tm cannot be 

resolved in this way. This can be overcome by designing one of the primers to contain 

an additional 5' G+C-rich oligomer (GC-clamp) to create a high temperature-melting 

domain, (Myers et al., 1985a; Sheffield et al., 1989; LoseKoot M, 1990).

The dénaturation and reannealing of single stranded molecules during PCR, in the case 

of individuals heterozygous or compound heterozygous for a given substitution within 

the amplified fragment, leads to the formation of homoduplex and heteroduplex DNA 

fragments (Losekoot, M., 1990).

PCR conditions for DGGE:

The p-globin gene was amplified in several overlapping fragments as shown in Fig. 2.2. 

The primers used to amplify each fragment are listed in Table 2.5.

PCR for DGGE was carried out in a 50 pi reaction mixture containing 10 pm of each 

corresponding primer, 1.0 unit of Taq polymerase (Perkin Elmer, UK), 200 pM of each 

dNTP’s (Boehringer Manheim), 10 mM Tris HCl (pH 8.3), 50 mM KCl, 1.5 mM 

MgCli, 100 mg/ml gelatin and 0.3-0.5 pg of genomic DNA. Thermal cycling conditions 

consisted of initial dénaturation for 5 minutes at 95° C, followed by 35 cycles each of 

dénaturation at 94°C for 45 seconds, primer annealing at 55°C for 1 minutes, and DNA 

extension at 70°C for one and a half minutes. 10 pi of the PCR product was run on a 1% 

agarose gel to determine the quality of amplification.
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IVS-1 IVS-II,xonT

Fragment IV Fragment VIIFragment I

Fragment II / Fragment V
y Fragment VIII /

/ Fragment III ■ y Fragment VI

Figure 2.2. Illustration of how the P-globin gene was amplified in several 
overlapping fragments using the DGGE primers.

Preparation of denaturing gel:

Stock solutions of 0% and 80% dénaturant were used to prepare the gradients of varying 

strengths. For all fragments except fragments VII and VIII (see Fig. 2.2), 

electrophoresis was performed on a dénaturant gradient of 42-72%. Fragments VII and 

VIII were run on 25-50% dénaturant gradient.

A 0% dénaturant stock solution consisting of 7% (40: I Acrylamide: Bis-acrylamide), 

and Ix TAE buffer (pH 7.4) containing 40 mM Tris base, 20 mM Sodium acetate, I 

mM EDTA.Nai, and 80% dénaturant stock solution consisting of 7% (40:1 acrylamide: 

Bis-acrylamide), 32% deionised formamide (by using Dowex AG50W-X8 (20-40) 

mesh Mixed Bed Resin.), 5.6 M Urea and Ix TAE buffer (pH 7.4).

100 pi of 10% Ammonium persulphate and 10 pi of TEMED were added to catalyse 

polymerisation of the gel. Electrophoresis was carried out on a vertical denaturing 

gradient CDC system (BioRad, USA). Once the gel had polymerised, the comb was 

removed and the wells were washed with IX gel running buffer. Each well was loaded 

with 6 -8  pi of amplified product (depending on the intensity of the amplification) mixed 

with 5 pi of bromophenol blue loading dye.

Electrophoresis was performed at 50 volts for 16 hours, or at 150 volts for 5 hours. 

Throughout electrophoresis, the buffer temperature was maintained at 60°C. Gels were 

stained with ethidium bromide (250 pg/IOO ml) for 15 minutes, washed with distilled 

water and then visualised and photographed under UV light.
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Table: 2.5. List of DGGE primers used to amplify various p-globin 
gene fragments, their locations and amplified size.

Fragment ID Location Primers sequence Size
(bp)

I China I 
PC04-GC

-129 to-104 
C d24-C dl7

GTA CGG CTG TCA TCA CTT AGA CCT CA 
45(GC) CAA CTT CAT CCA CGT TCA CC

297 bp

II China 1-GC 
PC04

-123 to -104 
Exon 1, Cd 24 to 17

40(GC) CTG TCA TCA CTT AGA CCT CA 
CAA CTT CAT CCA CGT TCA CC

286 bp

III China 1-GC 
BA 110

-123 to-104 
IVS H I 19 to 101)

40(GC) CTG TCA TCA CTT AGA CCT CA 
AAA ATA GAC CAA TAG GCA G

424 bp

IV DGGE  ̂
Avan P-GC

IVS 1-(29 to 48) 
IVS 11-(30 to 51)

AAG GAG ACC AAT AGA AAC TG 
45(GC) AGA AAA CAT CAA GGG TCC CA

409 bp

V BAIIO-GC
YW30

IVS 1-(101 to 120) 
Exon n, Cd 68-74

40(GC) CTG CCT ATT GGT CTA TTT TC 
GCC ATC ACT AAA GGC ACC G

202 bp

VI BAllO-GC 
Avail p

IVS 1-(101 to 120) 
IVS n - (30 to 51)

40(GC) CTG CCT ATT GGT CTA TTT TC 
AGA AAA CAT CAA GGG TCC CA

321 bp

VII CSPl
DGGE^

IVS ll-(588 to 607) 
Exon 3, Cd 125 to 132

ATG ATA CAA TGT ATC ATG CC 
45(GC)TCT GAT AGG CAG CCT GCA CT

339 bp

v in AMDI
DGGE^

IVS n- (685-696) 
Exon 3, Cd 125 to 132

CTG CAT ATA AAT TGT AAC TG 
45(GC)TCT GAT AGG CAG CCT GCA CT

293 bp

GC clamp;45 (GC) GCG GGC GGG GCG GGG GCA CGG GGG GCG CGG CGG GCG GGG CGG 
GGG

40 (GC) GCG GGC GGG GCG GGG GCA CGG GGG GCG CGG CGG GCG GGG C 

2.S.2.4. DNA sequencing

DNA sequencing was utilised to determine the location and nature of mutations that 

remained unidentified, using the Big Dye^^ Terminator Cycle Sequencing Kit v2.0 

from ABI, PE Biosystems. In principle, the template is simultaneously amplified and 

sequenced by the addition of dideoxy terminators to the PCR reaction, which are 

labelled with different dRhodamine acceptor dyes. Terminator A is labelled with the 

acceptor dye dR6G and presents in green colour in raw data on the ABI-310 

electropherograms; terminators C, G, and T are labelled with dROX, dRllO, and 

dTAMRA, and present in red, blue, and black colours respectively.

The amplified products were loaded on the ABI Prism™ 310 Genetic Analyser, which 

employs a capillary electrophoresis system with a special polymer medium 

(Performance Optimised Polymer 6, POP-6™). During electrophoresis, as the
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fluorescent PCR fragments pass through the mediator to the laser, the fluorochrome- 

labelled fragments are excited and emit photons of specific wavelength. The signal is 

detected by a charged couple device (CCD) detector and interpreted by computer 

software.

PCR amplification for sequencing:

The whole p-globin gene (-2.5 kb) was amplified, (-538 bp from the Cap site to +475 

bp from the termination site), using the following primers:

5’ A CAT AAT TTA TTA GCA TGC ATG 

5’ GAG TCA AGG CTG AGA GAT GCA GGA 

PCR was carried out in a 100 pi reaction mixture containing 10 pmole of each primer, IX 

buffer IV (75 mM Tris-HCl pH 8.8, 20 mM ammonium sulphate and 0.01% (v/v) Tween- 

20), 0.2 mM dNTPs, 1.5 mM MgC12, and 1.5 units Taq polymerase (PE, Advanced 

Biotechnologies, UK). The thermal cycling consisted of a primaiy dénaturation step at 

95°C for 4 minutes, followed by 35 cycles of dénaturation at 94°C for 1 minute, primer 

annealing at 58°C for 2 minutes and extension at 72®C for 2 minutes, with the extension 

time prolonged to 10 minutes after the last cycle.

The quality of the PCR product was checked by electrophoresis of lOpl of amplified 

product with 5 pi bromophenol blue, on a 1% agarose gel, stained with ethidium 

bromide, viewed and photographed under UV light.

Sample purification and quantification of PCR product:

PCR products were purified using Microcon microconcentrators (AMICON, USA). The 

microcon reservoir was inserted into a 1.5 ml filtrate vial, the PCR product was added to 

it, and was centrifuged at 5,000 rpm for 5 minutes. The filter was washed with 100 pi 

deionised water and re-centrifuged at 5,000 rpm for 5 minutes. Finally, 15 pi of deionised 

water was added to the filter, which was then placed upside down in a clean 1.5 ml tube 

and centrifiiged at 5,000 rpm for 5 minutes twice.

2 pi of PCR product was mixed with 6 pi deionised water and 2 pi loading dye and 

electrophoresed on a 1% agarose gel. This was run against 10 pi of Hyper ladder IV 

(BioLine) to allow the estimation of the PCR concentration relative to the marker. This 

was assessed by knowing the concentration of the loaded marker and by calculating the
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percentage of each fragment with known length. All PCR products were reconstituted in 

deionised water to a final concentration of (30-90 ng).

Cycle sequencing reaction using the BigDye terminator kit:

Cycle sequencing reactions were carried out on ice to avoid primer degradation using 

0.5 pi thin walled PCR tubes. The reaction was performed by adding 3 pi of template, 2 

pi water, 1 pi selected primer (2 pm/ pi) (Table 2.6) and 4 pi Kit Mix to the bottom of the 

tube, which was covered with 12 pi of mineral oil. Thermal cycling conditions consisted 

of 25 cycles of 93°C for 30 seconds, 50°C for 15 seconds and 60°C for 4 minutes.

Table: 2.6. Cycle sequencing primers used as standard in the

PRIMER SEQUENCE LOCATION

5’ 32 F ACG ATC TTC AAT ATG CTT AC -308 to-288
Ex 1.1 L GAG CCA AGG ACA GGT ACG G -144 to -125
SEQA-R CCA GGG CAT TAG CCA CAC CA Cdl36toCd 142
SEQB-R GGA TTG TAG CTG CTA TTA GC IVS n - (722 to 742)
SEQC-R ATG TAC TAG GCA GAC TGT GT IVS n -(312 to 332)
SEQD-F TAT CCC AAA GCT GAA TTA TG -398 to-378
SEQE-F TCA AGG TTA CAA GAC AGG TT IVS I- (8  to 28)
SEQ F -F CAT CAG TGT GGA AGT CTC AG IVS n -(118 to 138)
SEQG-R GTT ACT TAA TGT ATC TCA GAG IVS n - (277 to 297)
SEQH-F AAG GCT GGA TTA TTC TGA GT IVS n - (776 to 796)
SEQJ-R GCT GTG GGA GGA AGA TAA G IVS n -832-Exon 3/1
SEQK-R GGA TGA ATA AGG CAT AGG CA 200 bp 3’ poly A
Extip-F GCA ACC TCA AAC AGA CAC CA +32 to Init Cd
Extlp-R CAA AGA ACC TCT GGG TCC AA ExonII,Cd37-Cd 43
Inti p-F CTG AGG AGA AGT CTG CCG TT Exon I, Cd 5- Cd 11
Intlp-R GGT AGA CCA CCA GCA GCC TA IVS I-l 16 to Cd 36

Purification of extension product and preparation for ABI-310:

lOpl of extension product was precipitated by adding 35 pi water, 5 pi of 3M sodium 

acetate pH 4.6 and 150 pi of absolute ethanol. The mixture was vortexed at room 

temperature, placed on ice for 10 minutes, and finally centrifuged at 13,500 rpm for 25 

minutes. The supernatant was immediately removed and 100 pi of 65% ethanol was 

added, vortexing for 10 seconds. The mixture was centrifuged again at 13,500 rpm for 5 

minutes, the supernatant decanted and the samples were left to dry at 50°C for 15 

minutes. 15 pi of template suppression reagent (Applied Biosystems, P.E., UK) was added
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to the purified sample, then vortexed and denatured at 94°C for 3 minutes. The tubes were 

placed on ice immediately to stabilise the single stranded DNA.

Running conditions for ABI Prism'^^310:

The dénaturant was subjected to capillary electrophoresis using ABI Prism™-310 under 

the following conditions: 1 ml syringe, POP-6 , Module seq POP- 6  rapid (1 ml) E, 50 °C 

running temperature, 2.0 injection kV, 15.0 run kV, 36 minutes running time, with 30 

second injections.

2.8.2.S Detection of large p-globin gene deletions using Gap-PCR:

Gap PCR was used to detect various deletions in the p-globin gene cluster, which 

causes ôp-thalassaemia and certain types of HPFH. In Gap-PCR, for each deletion three 

primers have been designed. Two of them were designed to flank each of the deletion 

breakpoints. They are widely separated in normal DNA, and consequently will not lead 

to any detectable amplification product with normal DNA template. However, in the 

presence of a large deletion, the primer sites are brought into closer proximity, allowing 

PCR amplification of the deletion specific band. A third primer complementary to the 

sequence removed by the deletion and designed to work under the same PCR 

conditions, leads to the amplification of a normal control band in the presence of the 

forward primer flanking the 5’ deletion breakpoint. Accordingly, two bands will be 

amplified in the case of patients heterozygous for the deletions, and only the normal 

control band will be amplified from patients not carrying that deletion (Craig, J. E., et 

al, 1994). While designing the primers, care was taken to ensure that each fragment of 

the PCR product would not overlap in size, enabling the amplified product to be 

resolved and detected by agarose gel electrophoresis.

Gap-PCR was applied for the detection of different types of deletions, such as HPFH-1, 

HPFH-2, HPFH-3, the Spanish form of (ôp)°-thalassaemia, Hb Lepore, Sicilian (0p)°- 

thalassaemia, Chinese Gy(AyôP)°-thalassaemia, and two complex rearrangements: the 

Asian-Indian inversion deletion Gy(AyôP)°-thalassaemia and the Turkish form of 

inversion deletion (ôp)°-thalassaemia. The primers used are listed in Table 2.7.
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Table: 2.7. Deletions in the p-globin gene cluster and the sequence of primers used 
for Gap-PCR to detect each mutation (Craig et al., 1994).

Mutation type Primers Primer sequence (5’->3’)

HPFH-1 Ai AGA ATG TCA CAC TTA GAA TCT G
106 kb deletion A2 CAC TTT AAT TCT GGT CTA CCT GAA

A3 ACT GTG ATG TTG GAA ATG GAC
HPFH-2 Bi GAC ATG GAC TAT TGT TCA ATG A
105 kb deletion B2 TGC TAT GCC AAC TCA CTA CC

Bs TTT ATA TAT GAA ATG CTA CTG ATT

HPFH-3 Cl CTT TGC TGT TCA GGC TTA ATT T
48.5 deletion C2 GAC ACA GAG CAG TGA TTG GTG CA

ASIAN-INDIAN Hi ATG CCA TAA AGC ACC TGG ATG
Gy(Ay8|3)“ H2 GAG CTG AAG AAA ATC ATG TGT GA
Deletion inversion Hs TAA CCA TAT GCA TGT ATT GCC

H4 CAA TGT ATC ATG CCT CTT TGC AC
Hs GCA GCC TCA CCT TCT TTC ATG G

Spanish (6 p)®
114 kb deletion Di AGC CCG CCA CTG CAC TGT G
Sicilian (SP)" Fi TTG GGT TTC TGA TAG GCA CTG
13.4 deletion P2 GTG TCA CCC ATT AAT GCC TTG TAC

P3 TAG ATC CCT TTG CCA TTA TG

2.8.3. Restriction Fragment Length Polymorphism (RFLPs) haplotype study:

RFLPs within the P-globin gene cluster were analysed by amplifying the fragment of 

DNA containing the polymorphic site, followed by digestion with the corresponding 

restriction enzyme. The polymorphic sites, primers, and restriction enzymes used are 

listed in Table 2.8.

The general conditions for RFLP amplification is the same as ARMS-PCR except that 

the annealing temperature of the primers for 5’\j/P, 3’ yp, Rsa I p and Hinfl p was 

56°C, and 60°C for ^ y. The number of cycles was increased to 30. Cleavage was 

performed overnight by incubation of 20 pi of amplified PCR product at 37 °C with 10 

units of restriction enzyme according to the manufacturer’s conditions (New England 

BioLabs, Inc and Roch, Diagnostic GmbH, Germany). The digested fragments were 

electrophoresed and visualized the same as ARMS-PCR.
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Table: 2.8. Polymorphic sites in the p-globin gene cluster, the restriction enzymes 
that recognize these polymorphisms, the sequence of the primers used, 
the PGR fragment size and the RE outcome.

Site RE Primers sequence (5*->3’) Fragm
ent size

(-) (+)

e-gene HindH TTA AGA GAG CTA GAA GTG GGT GAG
AAG CCT CAT ATA AAG GAG CAA ATC

®y-gene Hind in AGT GCT GCA AGA AGA ACA ACT ACC 328 bp 328 bp 237 &
CTC TGC ATC ATG GGC AGT GAG CTC 91 bp

"\-gene Hindffl ATG CTG CTA ATG CTT CAT TAC 635 bp 635 bp 327 &
TCA TGT GTG ATC TCT CAG CAG 308

5’ii/fi- Hindn TCC TAT CCA TTA CTG TTC CTT GAA 794 bp 794 bp 690 &
gene ATT GTC TTA TTC TAG AGA CGA TTT 104 bp
v|/B- Avaïï TCC TAT CCA TTA CTG TTC CTT GAA 794 bp 794 bp 438 &
gene ATT GTC TTA TTC TAG AGA CGA TTT 356 bp
3 > f i - Hindu GTA CTC ATA CTT TAA GTC CTA ACT 914 bp 914 bp 435 &
gene TAA GCA AGA TTA TTT CTG GTC TCT 479
B-gene AvaU ACT CCC AGG AGC AGG GAG GGC AGG 676 bp 314& 214,100

TTC GTC TGT TTC CCA TTC TAA ACT 362 bp & 362 bp
B-gene Rsal AGA CAT AAT TTA TTA GCA TGC ATG 1152 bp 411 & 330, 81 &

ACA TCA AGG GTC CCA TAG AC 646,95 bp 646,95 bp
B-gene Hinfl TGG ATT CTG CCT AAT AAA A 745 bp 341 & 128,213 &

GGG CCT ATG ATA GGG TAA T 244,154 244,154 bp

2.8.4. Xmn 1 y -polymorphism:

The presence of T instead of C at position -158 from the cap site of the ^y-globin gene 

was assessed using the Xmn I restriction enzyme (Thein et al., 1988). In order to detect 

this polymorphism, a 641 bp DNA fragment flanking the polymorphism was amplified 

using the following primers:

5’-GAA CTT AAG AGA TAA TGG CCT AA-3’

5’-ATG ACC CAT GGC GTC TGG ACT AG-3’

PCR conditions were the same as RPLPs protocol with 60°C annealing temperature. 

The PCR product was cleaved with 10 units of Xmn I  (New England BioLabs, Inc). The 

digested fragments were electrophoresed and visualized in the same way as RFLPs. The 

C at position -158 from the cap site of the ^y-globin gene, results in a fragment size of 

641 bp, while the polymorphic T results in two fragments sized 418 & 223 bp.

2.8.5. Molecular analysis for the a-thalassaemia mutations:

The co-inheritance of a-thalassaemia trait was investigated for all thalassaemia 

intermedia patients. Most a-thalassaemias are caused by large deletions within the a- 

globin gene cluster, and were detected using Gap-PCR.
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PCR conditions for a-thalassaemia detection:

The PCR buffer contained 67 mM Tris-HCl pH 8 .8 , 2 mM MgC12, 16.6 mM ammonium 

sulphate, 0.1 mg/ml Bovine Serum Albumin (BSA), 10 mM P-Mercaptoethanol, 10% 

DMSO, 200 pM dNTPs. Primers were diluted to 25 pm each and 2.5 units of Taq 

polymerase was added. The primers and their sequences are listed in Table 2.9, while 

Fig.2.3 represents the location of each primer.
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Figure 2.3. Schematic representation of various deletions within the a-globin 
gene cluster. The approximate positions of each oligonucleotide primer used for 
Gap-PCR are represented by red arrows.

All PCR mixes contained the 5’ common primer, the normal, and the mutant primer in the 

same reaction tube. The only exception was the PCR for detection of the normal and 

mutant allele for -a^^, which was carried out in two different tubes, since the amplified 

products have the same fragment sizes.

50 pi of PCR mix containing the corresponding primers was prepared in the same way as 

ARMS (except that the Taq polymerase was not included), and then added to 0.5 pg of 

DNA. Hot start PCR was initiated by DNA dénaturation at 99°C for 6  minutes, followed 

by soaking at 85°C. Taq polymerase was added to each tube at this temperature. Thermal 

cycling conditions consisted of 25 cycles each of dénaturation at 94°C for 1 minute, 

primer annealing at 55°C for 1 minute for all MED, SEA, mutations and

60°C for and DNA extension at 72°C for two and a half minutes. The extension in 

the last cycle was prolonged to 5 minutes. The PCR product was separated by
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electrophoresis on 2% agarose at 150 volts for 40-45 minutes stained and visualized the 

same as for the ARMS method.

Table: 2.9. Sequences of the amplification primers used for the detection of 
a-thalassaemia by Gap-PCR (Baysal E. & Huisman THJ) and (Bowden, 
D.K.,etal., 1992):

Mutation Primers 
ID

Primer sequence 5’->3’ Reference

 ̂ A: 5’ common CTT TCC CTA CGC AGA GCC AGG TT
B: 3’ mutant CCC ATG CTG GCA CGT TTC TGA GG
C: 3’ normal CCA TTG TTG GCA CAT TCC GGG ACA

MED D: 5’ common ACA GTC ACT CCT GAG GCC AGT C
E: 5’ normal TAC AGC AGA GTG AGT GCT GCA T
F: 3’ mutant GGA GAA GTA GGT CTT CGT GGC

SEA G: 5’ common CTC TGT GTT CTC AGT ATT GGA G
H: 3’ normal TGA AGA GCC TGC AGG ACC AGT CA
I: 3 ’ mutant ATA TAT GGG TCT GGA AGT GTA TC

-a^ -̂thal J: 5’ common CCT TCC TCT CAC TTG GCC CTG AG
K: 3’ mutant CCC TGG GTG TCC AGG AGC AAG CC
L: 3’ normal CGC CTC CCT GGA CAA GTT

-thal M: 5’common GGC AAG CTG GTG GTG TTA CAC A 
N: 5’ normal TGG AGG GTG GAG ACG TCC TG 
O: 3’ mutant CCA TGC TGG CAC GTT TCT GAG G

a 20.5

Baysal & Huisman 1994. 
Dodé, C., et al., 1990.

Broudfoot et al., 1982. 
Bowden et al., 1992.

Broudfoot NJ. et al., 1982. 
Hardison et al., 1986. 
Bowden et al., 1992. 
Baysal & Huisman 1994. 
Broudfoot NJ. et al., 1982. 
Michelson & Orkin 1983. 
Bowden et al., 1992 
Dode et al., 1990 
Michelson & Orkin 1983

The detection of -a^  ̂ deletions, aaaanti hybrid and non-deletional a -  

thalassaemia mutations:

In order to detect the deletion and the a a a  hybrid, the a l  gene was amplified 

using primer CIO (5’ GAT GCA CCC ACT GGA CTC CT 3’) corresponding to 

nucleotides 24-44 of both Y regions (Hess, J.F., et al., 1983), vrith the B primer from 

Table 2.9. The a2 gene was amplified using CIO and C primers also listed in Table 2.9. 

Fig. 2.4 demonstrates the mechanism for the detection of deletions and a a a  

hybrids. In normal chromosomes, the a  1-gene and the a2-gene will be amplified with 

CIO and B primers producing a 2.1 kb PCR fi'agment; and the CIO and C primers will 

produce a 1.9 kb PCR fi:agment. In the case of a -a^^ deletion, CIO and B become closer 

in proximity, resulting in a smaller PCR 1.9 kb fi*agment. Accordingly, in the a a a  ^  

hybrid, CIO and C are fiirther separated due to the presence of an extra a2-gene, resulting 

in a larger PCR fi:agment (2.1 kb). Various genotypes resulting from this reaction are 

listed in Table 2.10
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Figure 2.4. Illustrates the mechanism of amplification with sets of primers within 
a normal chromosome, with a  kb deletions, and with the aaa^ ’*' hybrid 
gene.

Table: 2.10. The expected PCR product from various haplotypes (modified from 
Dodé C., 1992).

Haplotvpe

Primers

a a  /a a  

Normal

/aa -a^^/-a^^ aa /aaa ^

CIO + B (a l gene) 

C10 + C (a2  gene)

2.1 kb 

1.9 kb

2.1 + 1.9 kb 

1.9 kb

1.9 kb 2.1 kb

2.1 + 1.9 kb

2.1 + 1.9 kb

2.1 + 1.9 kb

Detection of point mutations causing a-thalassaemia:

Point mutations that cause a-thalassaemia and have a naturally occurring recognition site 

can be detected by amplifying the gene harbouring the mutation, followed by cleavage 

with the corresponding restriction enzyme. This technique was applied for the following 

mutations:

a l (ATG^GTG) initiation codon mutation:

Detection was performed by amplifying a  1-gene (CIO and B), which produced a 2.1 kb 

fragment size. 20 pi of the PCR product was digested with 10 units of the /  restriction 

enzyme.
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After digestion, a normal chromosome produces two fragments sized 1,3 and 0.8 kb. But 

when there is an initiation codon mutation, a l  (ATG^GTG), the iVco /  recognition site is 

lost resulting in the full 2 .1  kb fragment size.

o2 (ATG->ACG) initiation codon mutation:

Similarly, the a2 initiation codon mutation was detected by amplifying the a2-gene using 

primers (CIO and C), followed by Nco I restriction enzyme digestion. Normal 

chromosomes produce two fragment sizes: 1 .1  kb and 0 .8  kb, whereas, with the initiation 

codon mutation, o2 (ATG~>ACG), the Nco I  recognition site is lost resulting in a 1.9 kb 

fragment.

o2 rVS 1,5 nucleotide deletion:

The 5 nucleotide deletion at the donor splice site of IVS-I of the a2-gene (Orkin, S.H., et 

al., 1981) was detected by amplifying the a2-gene in the same way for initiation codon 

mutation and was cleaved by using the Hph I  restriction endonuclease enzyme. The 

normal chromosome produces two fragments 1.1 kb and 0.3 kb. Otherwise, the mutation 

affects the recognition site, resulting in the full-uncut 1.4 kb fragment.

2.9. F-CELL AND F-RETICULOCYTE COUNT USING FLOW CYTOMETRY:

2.9.1. Principle of the Flow Cytometer:

Flow cytometry allows the analysis of various properties of cells or particles suspended 

in fluid. The sample stream carries the cells vertically through the laser beam, and as 

they pass the laser beam, they scatter light and emit fluorescence. The scattered light is 

measured as low angle forward light scatter (FSC) approximately proportional to cell 

size, and a right angle (or side90° angle) scatter (SS) approximately proportional cell 

granularity and complexity. These two parameters allow the identification of cells. 

Detectors also measure fluorescence emitted from the cells labelled with fluorescent 

antibodies. The data collected by these detectors is transferred into a computer for 

further processing and analysis. The most important feature of flow cytometry is the 

analysis of large numbers of cells or particles at an extremely rapid rate, and the 

advantage of computer analysis lies in the possibility of re-analysing using different 

ways of gating and cut-off criteria. There are four basic compartments to a flow
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cytometer; the fluid system, the optical system, the detecting system and the data 

processing system.

The function of the fluid system is to create a stream of single particles or cells flowing 

through the flow chamber from the sample tube through to the waste tank. The function 

of the optical system is to create a light beam (laser beam), while the function of the 

detector system is to detect all light and/or fluorescent signals emitted by the specific 

characteristics of the sample particles after being exposed to the laser beam. Finally the 

data processing systems integrate the signals and display them in a clear format, such as 

histograms.

Gate settings for red cells using the flow cytometer model Coulter Epics XL-MCL was 

already established at UGH (Mundee et al., 2000), by using forward scatter (FSC) and 

logarithmic side scatter (log SS). A normal whole blood sample was put through the 

flow cytometer to get a whole picture of all the various types of blood cell cloud. The 

red cell cloud represents the densest cloud picture, after recognizing this cloud all the 

other clouds were eliminated using the fast set program of the computer to enhance the 

signals of both log SS and FSC until only the red cell cloud was present, and recognized 

as red cell gate present in histogram 1 (Fig. 2.5a).

The logarithmic fluorescent channel 1 (log FLl, green fluorescent -505-545 nm) 

designed for either RNA staining by Thiazole orange, or Hb F stained by FITIC 

conjugate), and (logFL4 deep-red fluorescence at -655-695 nm, designed for Hb F 

stained by TC conjugate). Combinations of double-colour signals (logFLl Vs logFL4) 

were put into a double-channel histogram (Fig. 2.5b&c). A high flow rate and auto-stop 

at 50,000 events (particles or cells) within 360 seconds were used (according to Coulter 

Epics XL-MCL instruction manual).

Cut-off settings represent the base line of auto-fluorescent for non-specific binding, and 

were set at less than 0.3% by using unstained samples, or samples stained with 

irrelevant isotype control antibodies. Any cell producing a fluorescent signal higher 

than this level is counted as a positive cell.
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Figure 2.5. Flow cytometric histograms of double-colour staining:
(a) Histogram shows red cell gate on a double channel (log SS and FSC) histogram, 
(h) Histogram shows TO (green: logFLl) signal on the horizontal axis against cell 
count on the vertical axis for reticulocytes. The cut off point was set at 0.3% to 
separate the positive and the negative population.
(c) Histogram shows TC (deep-red: LogFL4) signal on the horizontal axis against 
cell count on the vertical axis for F  ̂cell.
(d) Histogram shows a scatter plot of TO staining cells (reticulocytes) on the 
horizontal axis against TC staining cells (F  ̂cells) on the vertical axis (both on log 
scale).
In histogram (d): Quadrant 1 represents the F  ̂mature red cell (F  ̂MRBC) (F^R‘), 
quadrant 2 represents the F̂  reticulocytes (F^R^), quadrant 3 represents the Hh F 
negative mature red blood cell (F' MRBC) (F'R ), and quadrant 4 represents the Hh 
F negative reticulocyte (F'R^) area.

2.9.2. Sample preparation:

The same simplified flow cytometric method for the detection of Hh F containing red 

blood cells (F-cell) described by (Mundee Y., et al., 2000) was used. The analysis was 

carried out using Flow Cytometer model Coulter Epic XI-MCL (Coulter-Beckman, 

UK).

50 pi of whole blood was fixed with 1 ml ice-cold 0.05% glutaraldehyde in PBS pH 7.4, 

vortexed for 15 s, then incubated at room temperature (RT) for 10 min. 100 pi of the
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mixture was vortexed for 15 s with 400 pi of ice-cold 0.1% Triton X-100 in 0.1% BSA- 

PBS, then incubated at RT for 10 min. At the end of incubation, 500 pi of 0.1% BSA- 

PBS was added to the mixture and vortexed. 25 pi of the mixture was aliquoted in two 

different tubes. 5 pi IgGl conjugate TC (isotype Tri-Colour control from CALTAG, 

MG 106) was added to control tubes, and 5 pi of anti-Hb F conjugated TC (MoAb-HbF- 

FITC form CALTAG, FITC Tri-colour conjugate MHFH06) was added to the test tube, 

followed by incubation in the dark at RT for 15 min. 600 pi of (0.02%) PBS-Azaid was 

added to the control mixture, and 600 pi Thiazol orange (TO from Becton Dickinson, 

Retie count kit). A reticulocyte count reagent was added to the Hb F conjugated 

mixture, vortexed for 10 s, and incubated in the dark for 30 min. TO was used because 

the fluorochrome used for RNA staining will not interfere with the fluorochrome used 

for detection of Hb F. The wavelengths of excitations and emissions are listed in Table 

2 .11.

Table: 2.11. Availability of fluorochromes for RNA and anti-Hb F conjugates (from

Fluorochrome Excite*
(nm)

Emit
(nm)

Colour Detector 
(on Epics XL)

RNA Dye Thiazole orange 509 533 Green FLl
Anti-Hb F FITC 495 520 Green FLl

TC 495 670 Deep Red FL4
*Coulter Epics XL-MCL has only one available excitation wavelength at 488 nm (range 

458-518 nm).

2.9.3. Calculation of enrichment ratio (ER):

Preferential F-cell survival was assessed by the extent to which the percentage of 

mature F cells (F^ erythrocytes MRBC) was enriched beyond the percentage of F^ 

reticulocytes. Previous studies using microscopic single-cell radial immunodiffusion has 

shown that the ratio of the proportion of F  ̂ mature red cells to the proportion of F 

reticulocytes, designated as enrichment ratio (ER), is close to 1.00 in normal healthy 

subjects, concluding that F  ̂ cells do not have any survival advantage in normal 

individuals [Dover GJ et al., 1978a]; [Dover GJ et al., 1978b].

Proportion % of F mature red cells in total matured red cell
ER= ---------------------------------------------------------------------------

Proportion % of F reticulocyte in total reticulocyte
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2.10. PRENATAL DIAGNOSIS

2.10.1. Chorionic Villus Sampling:

Pregnant women were monitored during gestation by their obstetricians, the position of 

the placenta was ascertained by ultrasound examination, and the date of CVS was 

booked. Dr Osamah Batayneh and Dr Abed Rahman El-Basher at the Military Hospital 

performed most of the CVS sampling. CVS was performed transabdominaly, under 

ultrasound guidance. The sample was collected in cultured media RPMI-1640, 

containing 1% penicillin streptomycin and 1% heparin. Early amniocentesis was carried 

out at the same time by aspirating -5-10 ml amniotic fluid in most cases. The husband 

or a close relative of the couple usually brought fetal samples to the Genetic laboratoiy- 

JU directly.

2.10.2. CVS cleaning:

Careful CVS dissection under a stereo zoom microscope was performed in order to 

remove any maternal tissue (Cao and Rosatelli 1993). Branched and highly vascular 

villus (trophoblasts and syncetoblasts) attached to the mesancime core were easily 

identified when compared with the denser looking and much less vascular pieces of 

maternal deciduas.

2.10.3. DNA extraction from CVS:

The clean CVS was washed twice with saline, and transferred to 1.5 ml eppendorf 

tubes. 0.5 ml of buffer containing (150 mM NaCl, 0.1% SDS, 25 mM EDTA-Na2, 0.1 

mg/ml proteinase K) was added, and incubated at 37°C overnight. DNA was extracted 

using the phenol: chloroform method, and was precipitated by adding 250 pi 7.5 M 

ammoniun acetate and 2.5 volume of absolute Ethanol, DNA was washed in 70% 

ethanol then dried, and re-dissolved in distilled water.

2.10.4. Mutation analysis:

Fetal diagnosis was accomplished using ARMS-PCR for the corresponding mutation, 

which was set up in duplicate for fetal DNA, along with one for each of a homozygous 

child, both parents, a specific mutation positive control, and a negative control (wild 

type, normal DNA), as well as a blank control for each run.
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2.10.5. Linkage analysis:

An informative RFLPs haplotype using nine polymorphic sites was previously assessed; 

and the informative polymorphic sites were investigated on fetal DNA. RFLPs reactions 

were prepared in duplicate for fetal DNA, and singly for the homozygous (or normal 

child), parents, -/+, -/-, +/+ polymorphic controls, and blank control. Informative 

RFLPs haplotypes were used to confirm the fetal diagnosis, and at the same time to 

exclude the risk of any maternal contamination.

Fetal diagnosis was accomplished using only RFLPs linkage analysis, in cases where 

the mutations for both parents were unidentified.

2.10.6. Assessment of maternal contamination:

Maternal contamination was assessed in the first few cases where the RFLPs haplotype 

could not exclude the risk of maternal contamination, by using semi-automated HLA- 

DNA typing by Reverse Southern Blotting at DQ a l  and DQ p loci. The Amplitype / 

HLA DQ a  PCR Amplification and Typing Kit were provided from Perkin Elmer/ 

Roche (# N808-0056). The Amplitype / HLA DQp-PCR and Amplitype / HLA DPp- 

PCR Amplification and Typing Kits were provided from Innogenetics (Inno-Lipa 

DQp).

HLA-DNA typing was replaced by using the analysis of polymorphic tandem repeats 

for D1S80 and Apo B, which is carried out routinely in our laboratory now.

However, in a few cases where the maternal contamination could not be excluded with 

the above-mentioned methods, DNA samples from the fetus and both parents were 

investigated at the Perinatal Centre, UCL, by using informative short tandem repeat 

(STRs) markers. Different tetra-nucleotide repeat markers on chromosome 13 

(D13S631), 18 (D18S535), 21 (D21S11, D21S1411, D21S1414, D21S1435, and 

D2IS 1442) were used, and fetal sexing was achieved by amplifying the amelogenin 

regions on both chromosomes X and Y (AMDXY). Using fluorescent-labelled primers, 

the PCR product was resolved and identified throughout the ABI Prism'™310, using the 

GeneScan analysis program, which was not available in Jordan at the time of study. 

Table 2.6 shows each STRs locus, and the corresponding primer sequences used.
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2.11. MICROSATELLITE MARKERS:

There are three classes of hypervariable repeats that are found throughout the genome: 

variable number of tandem repeats (VNTR) or minisatellites, short tandem repeats 

(STR) with repeat elements of 3-6 bases in length, and CA-repeats or microsatellites 

that are 2 bp repeat lengths (Elaine et al., 1993).

The polymorphic nature of the microsatellite markers allows them to be used in PND to 

exclude the risk of maternal contamination, to confirm paternity and to exclude the risk 

of chromosomal aneuploidy. The VNTRs was carried out for Apo B (Rosatelli et al., 

1992a; Deka, R. et al., 1992a; Huang L., and Breslow J.L., 1987), and for D1S80 a 16 

bp repeats (Kasai et al., 1990; Budowle B., et al., 1991; Deka R et al., 1994).

STRs of CA-repeats nature are the most widely hypervariable markers used, but they 

may produce a complicated amplification patterns due the presence of additional sub

bands present after electrophoresis as an artefact called stutter bands (Walsh et al, 

1996). They were, therefore, replaced by tetra-nucleotide repeats STRs to reduce such 

problem (Wells & Sherlock et al., 1998). Table 1.12 shows all the polymorphic tandem 

repeats loci, the primer sequences, and the approximate fragment sizes.

2.11.1. VNTR PCR at The Apo B locus:

VNTR PCR at the Apo B locus was carried out in a 25 pi reaction mixture, with PCR 

conditions the same as used for ARMS, using primers Apo B5’ and Apo B3’ (Table 

1.12). Thermal cycling consisting of 25 cycles, each with dénaturation at 94 °C for 1 

minute, primer annealing at 55 °C for 1 minute and DNA extension at 72 °C for 1 minute, 

followed by an extra extension time of 3 minutes after the final cycle.

5 pi of loading dye was added to the amplified product and electrophoresis was carried 

out in 3% NuSieve Agarose gel overnight at 40 volts. The gels were stained with ethidium 

bromide for 15 minutes, washed with water for 15 minutes, visualized and photographed 

under 302 nm UV light.

2.11.2. The D1S80 locus:

PCR was carried out under the same conditions as for ARMS, using primers D1S80 5’ 

and D1S80 3’ (Table 1.12), but the thermal cycling consisted of 30 cycles, each with
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dénaturation at 95 °C for 1 minute, primer annealing at 65 °C for 1 minute, and DNA 

extension at 72 °C for 1 minute, followed by an extra extension time of 10 minutes after 

the final cycle.

Electrophoresis and gel staining conditions were the same as previously described for 

PAGE, using the GenePhore Electrophoresis Unit, GeneGel Excel 12.5/24 kit, Hoefer 

Automated Gel Stainer together with PlusOne DNA Silver Staining Kit, (all provided by 

Pharmacia Biotech).

2.11.3. GeneScan analysis of STRs using ABI Prism^^ 310 Genetic Analyser:

STRs haplotype for chromosomes 13, 18, 21, as well fetal sexing, were performed by 

fluorescence labelled PCR. All forward primers used to amplify each locus were 

labelled with different fluorochromes (6 -FAM®: blue label, HEX®: yellow (black) label, 

TET®: green label) at their 5’ site (Table 1.12). PCR reaction conditions are the same as 

for ARMS, except that the DNA was diluted to O.lpg/pl; and the PCR thermal cycling 

conditions consisted of 25 cycles: 93 °C for 48 sec, 60 °C for 48 sec, 72 °C for 1 minute 

and an extra extension time of 3 minutes after the last cycle.

1 pi of the amplified product was mixed with 12 pi formamide and 0.5 pi Gene Scan® - 

500 (TAMRA) size standard (red label) in a 0.5 ml sample tube without lid. The tubes 

were capped with rubber septa (specific to ABI), the mixture was denatured at 94 °C for 

4 minutes, and then were loaded on to a 48-tube sample rack in the ABI Prism™ 310 

Genetic Analyser. This employs a capillary electrophoresis system filled with a special 

polymer (Performance Optimised Polymer 4, POP-4™). Samples were subjected to 

capillary electrophoresis under the following conditions: POP-4™, 5 second injection 

time, 15 kV, 60 °C, 24 minutes for each run. The data was analysed by GeneScan™ 

analysis software. Using different fluorochromes allows the analysis of different loci at 

the same time.
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Table: 2.12. List of Microsatellite loci, primer sequences, their corresponding location, and expected fragment size

M a r k e r  ( l a b e l ) Primer Sequence 5’->3 * Chromosome
Location

Fragment 
Size bp

References

Apo B 5’ 
Apo B 3'

ATG GAA ACG GAG AAA TTA TG 
CCT TCT CAC TTG GCA AAT AC

2 pter-p24 Deka et al., 1992a

D1S80 5’ 
D1S80 3’

GAA ACT GGC CTC CAA ACA CTG CCC GCC G 
GTC TTG TTG GAG ATG CAC GTG CCC CTT GC

1 < 700 bp Kasai et al., 1990; 1994 
(Budowle B., et al., 1991)

D21S11-F -  6  FAM labelled 
D21S11-R

TAT GTG AGT CAA TTC CCC AAG TGA 
GTT GTA TTA GTC AAT GTT CTC C

2 1 q2 1 .1-q2 1 .2 172-264 Sharma & Litt (1992)

D21S1411-F-HEX labelled 
D21S1411-R

ATG ATG AAT GCA TAG ATG GAT G 
AAT GTG TGT CCT TCC AGG C

21q22.3 -250 bp (Pertl B et al., 1996)

D21S1414-F-6FAM labelled 
D21S1414-R

GGC ACC CAG TAA AAA ATT ACT 
CTG TCT GTC TGT CTG TCT ATC

2 1 q2 1 .1-q2 1 .2 -291 bp Genome data base, UniSTS

D21S1435-F- TET labelled 
D21S1435-R

CCC TCT CAA TTG TTT GTC ACC 
GCA AGA GAT TTC AGT GCC AT

2 1 q2 1 .1-q2 1 .2 -172 bp Genome data base, UniSTS

D21S1442-F- HEX labelled 
D21S1442-R

CTC CTC CCC ACT GCA GAC 
TCT CCA GAA TCA CAT GAG CC

2 1 q2 1 .1-q2 1 .2 -249 bp Genome data base, UniSTS

D18S535-F-TET labelled 
D18S535-R

TCA TGT GAC AAA AGC CAC AC 
AGA CAG AAA TAT AGA TGA GAA TGC A

18ql2.2-12.3 -150 bp (Pertl B et al., 1996)

D13S631-F- HEX labelled 
D13S631-R

GGC AAC AAG AGC AAA ACT CT 
TAG CCC TCA CCA TGA TTG G

13q31-32 - 2 2 0  bp (Pertl B et al., 1996)

AMXY-F- HEX labelled 
AMXY-R

CTG ATG GTT GGC CTC AAG CCT 
ATG AGG AAA CCA GGG TTC CA

X & Y Y: 252 bp 
X :432 bp

Modified after Nakahori et 
al., (1991)
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CHAPTER 3
3.1. Characterization of The p-Globin Mutations Among Thalassaemia Major 

Patients in Jordan

The aim of this study was to determine the spectrum of p-Thalassaemia mutation 

among Jordanian patients that causes thalassaemia major as a beisis for prenatal 

diagnosis.

In total, 344 chromosomes were studied from 172 unrelated transfiision dependent P- 

thalassaemia major patients, and 11 Sickle p-thalassaemia patients. Samples were 

randomly collected from patients receiving treatment, and on regular blood transfusions 

at paediatric departments of Jordan University Hospital, King Hussain Medical City and 

Al-Basher Hospital both of which are in Amman. Blood samples were collected prior to 

blood transfusion at the different centres. At the time of collection, the patient’s name, 

age, ethnic origin, family pedigree, and the frequency of transfusion was recorded.

To elucidate the molecular basis of these p-Thalassaemia alleles, each patient’s DNA 

was analysed by the Amplification Refractory Mutation System (ARMS-PCR) (Old et 

al. 1982; Newton et al. 1989) for p-globin mutations using the Polymerase Chain 

Reaction (PCR), or by multiplex amplification refractory mutation system (M-ARMS) 

(Fortina et al, 1992; Ahmed et al, 1996).

For those mutations that alter a restriction enzyme recognition site; such as TVS 1-6, 

Codon 37, Hb S, Codon 27 the following restriction enzymes were used for each 

mutation: Sfan-\, Ava-YL, Dde-l, and Hinf-l respectively (Goossems et al, 1981 and Orita 

et al, 1989).

The DNA samples were initially screened for seven mutations by multiplex-ARMS 

(Fig.3.1), for TVS I-llO (G ->A), TVS I-l (G->A), IVS 1-6 (C^A), IVS H-1 (G->A), 

TVS II-745(C->A), Codon 39 (C->A), and -87 (C->G) (Fig.3.1). From this method, 239 

(69.5%) alleles were identified.

Unidentified samples were then tested for: Codon 37 (G-^C), Codon 5 (-CT) and for 

Hb S, which resulted in the identification of another 59 (17.2%) alleles. The remaining
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unidentified samples were first screened by DGGE (Fig.3.2) to identify the abnormal 

fragment after which sequencing was carried out (Fig3.4).

r1 2 3 4 5 6 7 8 9

9mm

Figure: 3.1. Shows multiplex ARMS electrophoresis for the common 
Mediterranean mutation. Lane 4, 5,6 ,7,8,9 represent heterozygous DNA 
controls for IVS I-l 10, IVS I-l, IVS 1-6, Cd 39, IVS II-1 and IVS 11-745 
mutations respectively.

17 16

Figure: 3.2. The P-globin gene that were amplified for DGGE using 
primers China IGC & BA 110. Lane 1, 7, 11,12, 14 represents DNA 
heterozygous IVS 1-6, Lane 4: compound heterozygous for IVS I-6 /IVS 
1-5 Lane 16: normal control, and Lane 17: heterozygous for Cd22/24 
control.
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3.1.1. Results of thalassaemia major:

3.1.1.1. Age distribution and ethnic origin:

The age distribution among thalassaemia major patients is shown in (Fig.3.3). The mean 

age was 13.5 ± 6  years, and ranged from 2-34 years.

Std Dev = 6.01 

Mean = 13 5 

N =  172.00

2.5 7.5 12.5 17.5 22.5 27.5 32,5
5.0 10.0 15.0 200 25.0 30.0 35.0

Age o f thalassaemia major patients (year)

Figure: 3.3. Age distribution for thalassaemia major patients.

3.1.1.2. Ethnic origin

The majority of patients were originally from Palestine: 91 (53%); and Irbid: 38 (22%). 

The remaining patients were from other towns in Jordan. It was found that 51.7% of 

patients resided in the capital Amman, and 22.1% in Irbid see (Table 3.1).

3.1.1.3. Mutation analysis:

The detailed analysis of each patient genotype is summarized in Annex 1.0. The broad 

analysis of the frequencies of the mutant P-Thalassaemia alleles among Jordanians 

(Table 3.2) shows the presence of 17 different p-Thalassaemia mutations, and three 

different Hb variants; Hb S, Hb E and Hb Knossos.

The most frequent mutations were of Mediterranean origin, of which eight mutations 

[IVS I-l 10 (G->A), IVS I-l (G^A), IVS 1-6 (T-^C), Cd 37 (G^A), IVS 11-745 

(C->A), Cd 39 (G^A), IVS II-1 (G->A) and Cd 5 (-CT)j accounted for 83.4% of the 

total Jordanian p-thalassaemia alleles.
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Table: 3.1. The frequency of different ethnic origin and the places where the 
patients reside.

Ethnic origin Frequency Percent City Frequency Percent
Tafeleh 1 0.6 Tafeleh 1 0.6
Jerash 2 1.2 Wadi Saer 2 1.2
Wadi Saer 2 1.2 Jerash 4 2.3
Zarqa 2 1.2 Al Salt 5 2.9
Al Salt 5 2.9 Mafraq 5 2.9
Mafraq 5 2.9 J Valley 9 5.2
Amman 7 4.1 Zarqa 9 5.2
J Valley 9 5.2 Ajloun 10 5.8
Ajloun 10 5.8 Irbid 38 22.1
Irbid 38 22.1 Amman 89 51.7
Palestine 91 52.9
Total 172 100.0 Total 172 100.0

rVS I-l 10 was found to be the most frequent allele (23%), followed by the TVS I-l 

mutation (16.9%). Other mutations accounted for 0.3-10% of total frequency (Table 

3.2). The sickle gene was found in 11 patients who all had Sickle/ p-Thalassaemia 

(3.2%), and were not transfusion dependent, but were invistigated to determine the p- 

mutation.

The novel mutation -29 (A->C) 0.6% was found (Fig. 3.4), and was subsequently 

published by (Sadiq M. et al., 2001).

A comparison of mutation frequencies with neighbouring countries is shown in Table

3.3.

The frequency of homozygous genotypes is summarized in Table 3.4, and the frequency 

of p-thalassaemia alleles among different ethnic origins is shown in Table 3.5.
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Table: 3.2. The frequency of different p-globin alleles in Jordanian p-Thalassaemia major patients, and the sickle cell gene among

Allele Type of

P-thalassaemia

No. of 

chromosomes

% of

alleles Origin

IVS-l,ntllO(G-+A) P̂ 79 23% Mediterranean
rVS-1, nt 1 (G-*A) P° 58 16.9% Mediterranean
IVS-1, nt 6  (T-»’C) P̂ 34 9.9% Mediterranean
Codon 37 (G-»A) P» 29 8.4% Saudi Arabia, Egyptian
IVS-2, nt 745 (C->A) P̂ 24 7.0% Mediterranean
Codon 39 (G-»A) P° 23 6.7% Mediterranean
IVS-2, nt 1 (G-^A) p° 2 1 6 .1% Mediterranean
Codon 5 (-CT) P° 19 5.5% Mediterranean
Codon 8  (-AA) P» 9 2 .6 % Mediterranean
rVS I. nt 5 (G->C) P̂ 9 2 .6 % Sicily, Turkish
-30 (T-^A) p ^ 8 2.3% Turkish, Macedonia
Codon 6 (-A) P° 6 1.7% Mediterranean
Codon 15 (TGG-»TAG) P° 4 1 .2 % UAE, Pakistan, India
Codon 1 (-G) P» 2 0 .6 % Italian
Codon 27 (G ^T) Hb Knossos 2 0 .6 % Mediterranean
rVS-2, nt 848 (C->A) P* 2 0 .6 % Mediterranean
-29 (A-»C) P" 2 0 .6 % Novel
Codon 26 (GAG-»AAG) HbE 1 0.3%
Codon 30 (G->C) po 1 0.3% Italian, Tunisia and UAE
Codon 6  (GAG->GTG) HbS 11 3.2%
Total 344 1 0 0 %
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Table: 3.3. Relative Frequencies (%) of Mutations in Neighbouring Countries

Mutation This study Syria

(1)

Lebanon

(2)

Egypt

(3)

Saudi Arabia

(4)
Gaza
(5)

UAE

(6)

Cyprus

(7)

Turkey

(8)

Israel
(9)

r v s i -110 23 44 40 41 26.9 37.5 1.6 77 42 31
IVSI-l 16.9 6 17.3 13 - 20 - 6.3 3.7 9
IVSI-6 9.9 - 5.5 13 - 7.5 3.8 6.7 17.5 19
iv s n -1 6.1 2.8 8.2 3 12.9 1 3.2 - 8 7
CD 37 8.4 - - 1.4 - 1 1.1 - - 8
IVSn-745 7 16.6 3.6 3 - - 5.8 1.9 3
CD 39 6.7 11.9 - 1.4 12.9 11.5 5.4 1.9 3.2 10.5
CD 5 (-CT) 5.5 - 4.5 3 - 10 4.3 - 0.8 1.5
CD 6 (-A) 1.7 - - - 5 5 - - - 0.2
-30 2.3 - 0.9 - - - - 2.5 0.6
CD 8(-AA) 2.6 - 3.6 3 - - 4.3 - 5.4 4
CD 27 0.6 - - 1.4 - 1 - - 0.4
CD 1(-G) 0.6 - - - - - - - -
IVS1-5 (G->C) 2.6 - 2.7 3 12.9 - 66 - 1.2 2
CD 30 (G-^C) 0.3 - 1.8 - - - 4 - - -
-87 0 - 0.9 1.4 - - - 1.2 -
CD 15 (G->A) 1.2 2.7 2 2
IVS n-848 0.6 - - 11 - - - - - -
-29 (A ^C ) 0.6 - - - - - - - - -
Cd 26 Hb E 0.6 - - - - - - - - -

(1): (Kyriacou et al, 2000), (2): (Zahed et al. 1997), (3): (Hussein et al 1993), (4): (El-Hazemi et al. 1995), (5): (Filon et al. 1995), (6 ): (Quaife et 
al., 1994), (7): (Baysal et al., 1992), (8 ): (Basak et al. 1992; Oner et al, 1990), (9): (Filon et al. 1994; Rund et al, 1997).
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Table: 3.4. Homozygosity among Thalassaemia major patients

Homozygous

Alleles

Frequency Percent Homozygous

Alleles

Frequency Percent

Homo rVS I-l 10 25 14.5 Homo Cd 27 I 0.6
Homo rVS I-l 21 12.2 Homo IVS n-745 11 6.4
Homo rVS II-1 9 5.2 Homo -30 1 0.6
Homo Cd 37 10 5.8 Homo 1-5 3 1.7
Homo Cd 39 9 5.2 Homo Cd 15 (G>A) 2 1.2
Homo IVS 1-6 1 0.6 Homo Cd 6(-A) 2 1.2
Homo C5 (-CT) 9 5.2 Homo IVS n-848 1 0.6
Homo Cd 8 (-AA) 4 2.3 Homo -29 A>C 1 0.6

TOTAL 110 (64%)

Table: 3.5. The prevalence of different P-thalassaemia alleles among
different ethnic origin.

Mutant Allele & 
Ethnic origin Î I I 1 Î 1

< i 1 f
h-J

3
g i 1

IVS I-l 10 2 4 3 2 2 12 54 79
rvs I-l 1 2 2 5 3 13 32 58
rvs n -1 2 2 4 13 21
rvs 1-6 1 4 2 11 16 34
IVS n-745 4 12 7 1* 24
Cd37 2 2 1 1 11 12 29
Cd39 2 21 23
Cd5 (-CT) 10 9 19
-30 2 3 3 8
Cd 1 (-G) 1 1 2
Cd 8(-AA) 2 2 1 4 9
Cd 27 2 2
Cd 26 1 1
HbS 6 2 3 11
rvs 1-5 2 2 1 4 9
Cd 30 (G-C) 1 1
rvs n-848 2 2
Cd 6 (-A) 2 4 6
Cd 15 (G-A) 2 2 4

-29 (A-C) 2
Total 2 4 4 4 10 10 14 18 20 76 182 344
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H o m o zy g o u se  -2 9  A -^ C

80 90 100

Figure: 3.4. DNA sequencing was applied to define the location and the 
nature of the mutation, using Big Dye”̂  ̂ Terminator Cycle sequencing 
kit v2.0 from ABI, PE Biosystems, The dénaturant was subjected to 
capillary electrophoresis (POP-6 ), using ABI Prism^'^-310. The figure 
shows the presence of the homozygous mutation -29 (A^C).

Discussion

This was the first comprehensive molecular study to characterize P-globin gene 

mutations in Jordan to establish and standardize reliable genetic screening methods 

particularly for prenatal diagnosis.

3.1.2. Spectrum of thalassaemia mutations:

3.12.1. Choice of method for mutation analysis:

Four different mutation detection methods were used: ARMS- PCR, restriction enzyme 

analysis (RE), DGGE, and genomic sequencing. By combining these methods, all 

alleles were identified.

Using ARMS-PCR, multiplex ARMS-PCR, and RE analysis 297/344 (83.4%) of the 

following alleles: IVS I-IIO (G^A), IVS I-l (G->A), IVS 1-6 (T^C), Cd 37 (G^A),
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IVS n-745 (C->A), Cd 39 (G->A), IVS H-1 (G->A) and Cd 5 (-CT), were identified in 

which accounted for the most common p-thalassaemia mutations in Jordan.

The remaining forty-six alleles (16.6%) were subsequently identified at the Perinatal 

Centre (London). Of the following mutations IVS 1-5 (G^C), Cd 6  (-A), Cd 8  (-AA), 

Cd 15 (G^A), Cd 26, Cd 27 (G^T), Cd 30 (G ^C), and -30 (T->A), 40/46 were 

identified by DGGE, followed by ARMS PCR for the most common mutations in the 

specific abnormal fi'agment.

Finally, sequencing was performed to identify the nature and the location of the 

remaining six alleles, Cd 1 (-G), IVS 11-848, and the novel mutation -29. The presence 

of a mutation was confirmed by forward (Fig 1.5) and reverse sequencing for the same 

fi'agment using Big Dye™ terminator Cycle sequencing kit v2.0, and analysed using the 

ABI Prism™-310.

3.1.2.2. Jordan history and the heterogeneity of P-thalassaemia alleles

The presence of a large number of mutations indicates the ethnic heterogeneity of the 

population, similar to that reported by Sadiq et al., (2001). Such heterogeneity may be 

due to the traffic of civilisation through this part of the world; the political situation in 

this region; and the influx of refugees, especially Palestinian (see chapter 1), which has 

increased the population of Amman as well as the population of Irbid and Zarqa, and 

thus changed the frequency of the thalassaemia gene in these areas.

Interestingly, 53% of the thalassaemia major patients were of Palestinian descent (Table 

3.1), and none was found among the Bedouin. The highest proportion of patients lived in 

the capital Amman, with 51.7%; Irbid in the North had 22.1%; and the surrounding area 

11% (Table 3.1). The sickle cell gene was more prevalent among those patients 

inhabiting the Jordan valley. The prevalence of different p-thalassaemia alleles among 

different ethnic groups is shown in Table 3.5. There was nothing remarkable about the 

prevalence of these mutations, except that the IVS 11-745 allele was only found in one 

out of 24 Palestinian patients.

121



________________________________________________________________Chapter 3

3.1.2.3. P-thalassaemia Alleles

IVS I-110 (G-^A) was the most common mutation among Jordanian P-thalassaemia 

patients (23%). This resembles what has been reported from the Eastern and Western 

Mediterranean region. The frequencies for IVS 1-110 in neighbouring countries ranged 

from 74-80% in Cyprus (Baysal et al., 1992) to 1.6% in the United Arab Emirates 

(Quaife et al., 1994) (Table 3.3), the frequency gradually decreasing in the countries that 

are further South, which agrees with the possibility of the ancient Greek origin of this 

mutation (Baysal et al., 1992). Twenty-five (14.5%) of the p-thalassaemia major 

Jordanian patients were homozygous for IVS 1-110 (Table 3.4).

The second most common Mediterranean mutation detected in our samples was IVS 1-1 

(G->A); 21 patients (12.2%) were homozygous for this mutation (Table 3.4).

The frequency of both mutations IVS 11-745 and IVS 11-1 resembles that published from 

neighbouring countries, with 6.4% and 5.2% homozygosity respectively (Table 3.4). 

This is lower than what has been reported previously in Jordan (Sadiq et al., 2001), and 

was more common among patients from the northern part of Jordan. Interestingly, IVS 

n-745 allele was quite rare among patients of Palestinian origin 1/182 (0.5%) (Table 

3.5).

Nine percent of the thalassaemic patients had the Saudi Arabian mutation Codon 37 

(G->A). This mutation has not previously been reported in the Middle East and North 

Afiica region, except from Egypt with low frequency (1.4%) (Hussein et al., 1993). 

This fact made this mutation somehow rather significant in Jordan and Israel (Filon et 

al., 1994; Rund et al, 1997).

Codon 39 (C->T) allele represents 6.7% of our mutations, higher than previously 

reported (Sadiq et al, 2001), with neighbouring countries reporting different frequencies 

ranging from 1.4% in Egypt (Hussein et al 1993) to 12.9% in Saudi Arabia (El-Hazemi 

et al. 1995) (Table 3.3).
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The Indian mutation IVSI-5 (G-^C) was found at low prevalence in our patients (2.6%) 

and was similar to what has been found in Lebanon (2.5%) (Zahed et al. 1997), Egypt 

(3%) (Hussein et al 1993), and Israel (1.3%) (Filon et al. 1994); and much lower than 

previously reported from a Northern Jordan study (5.5%) (Sadiq et al., 1994), from 

Saudi Arabia (12.9%) (El-Hazemi et al. 1995), and United Arab Emirates (62.3%) 

(Quaife et al., 1994).

Frame shift Codon 5(-CT) which was initially reported from Greece (Kollia et al, 1989) 

had a low frequency among our patients of 5.5%.

Interestingly, Codon 1(-G), and the mild mutation -30 (T->A), are reported for the first 

time in Jordan.

3.1.2.4. Structural Hb variants

Structural Hb variants such as Codon 27 (G->A) Hb Knossos and Codon 26 

(GAG->AAG) Hb E, are due to mutations involving the cryptic splice sites in exon 1, 

and are associated with a mild to moderate form of p-thalassaemia intermedia (Old et 

al., 1991). Such Hb variants were found in the compound heterozygote states. Eleven 

Sickle/p-thalassaemia patients were included in order to characterize the p-allele 

associated with Hb S. Some of the sickle/p-thalassaemia patients were investigated 

when the mothers presented for prenatal diagnosis at Jordan University, and most of the 

patients had previously been diagnosed as homozygous p-thalassaemia. Incomplete 

parental information on the referral forms, such as the red blood indices (FBC), and Hb 

electrophoresis, resulted in much wasted effort in searching for the second P~ 

thalassaemia allele. The Genetic laboratory in Jordan subsequently adopted the strategy 

of obtaining all the haematological information (FBC and Hb electrophoresis) prior to 

any genetic investigation before PND.

3.1.2.5. Novel Mutation:

The novel p  ̂promoter mutation -29 (A-^C) in the ATAAA Motif of the P-globin gene 

promoter, was found in the homozygous state. The sample was collected from the 

affected child, when the mother came for prenatal diagnosis. At that time the child was
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on occasional blood transfusions. Unfortunately, we lost contact with his family, and no 

further haematological or clinical study was possible for this child. But it is worth 

recognizing that the parents decided to go ahead with PND, despite the fact that the 

child was only mildly affected.

This mutation is different from -29 (A->G) found in the Afncan population, which in 

the homozygous form, produces a very mild non-transfusion dependent phenotype 

(Gonzalez-Redondo et al., 1988; Safaya et al., 1989).

Alternatively, the same mutation -29 (A->G) was reported in a Chinese family with a 

severe form of transfusion dependent phenotype (Huang et al., 1986).

-29 (A->G) and -29 (A-^C) may decrease the binding of certain transcription factors 

producing a mild form of thalassaemia (Huisman T.H.J. 1997).

31.2.6. Homozygosity

Examination of the p-thalassaemia genotypes in our samples reveals a high level of 

homozygosity (64%) see Table 3.4, and was evident among less frequent mutations 

such as -30 (T->A), IVS 1-5 (G->C), Cd 5 (-CT), Cd 6  (-A), Cd 15 (G-^A) and -29 

(A->C). Such a phenomenon is typical in populations with high consanguinity.

In Jordan, parental consanguinity is as high as 60% if first and second cousin marriages 

are considered (Khoury et al, 1992).

3.1.2 7. Conclusion

This study provides a comprehensive analysis of the frequency of p-thalassaemia 

mutations in Jordan. The mutations showed marked genetic heterogeneity, reflecting the 

changes in the Jordanian population due to interaction with many civilisations. The 

novel p^ promoter mutation -29 (A->C) in the ATAAA Motif of the p-globin gene 

promoter was identified. The high level of homozygosity reflects the high degree of 

consanguineous marriages in the country.

These results provide a valuable insight into the prevalence of different mutations in 

Jordan, which was the basis of establishing the prenatal diagnosis service in Jordan.
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3.2. THALASSAEMIA INTERMEDIA

At the time of collection of the thalassaemia major blood samples, it was 

observed that there were a number of patients attending clinics who did not require 

blood transfusions. It was decided to investigate these patients to analyse the genetic 

factors associated with thalassaemia intermedia (TI) in Jordan. The main objective of 

the study was to determine thalassaemia mutations causing p-thalassaemia intermedia 

in Jordan and to determine other factors that may have a modulating effect. These 

observations might help in genetic counselling and decision-making. Analysis of the 

underlying molecular defects can provide valuable information for genetic counselling. 

In the majority of cases, prediction of thalassaemia major phenotypes from p-genotypes 

is relatively straightforward. However, phenotype genotype prediction in thalassaemia 

intermedia remains a problem for genetic counselling and prenatal diagnosis because 

the clinical severity of p-thalassaemia is also influenced by other factors including the 

presence of a-thalassaemia and factors leading to enhancement of y production such as 

the presence of the polymorphism (C->T), at position -158 upstream of the at ^y-globin 

promoter region.

Patients were broadly categorised by their doctors as thalassaemia intermedia because 

of late presentation, not being transfusion dependant, or requiring blood transfusions 

only occasionally or regularly later in life.

Initially 78 families were contacted, but twelve families were not included in the study 

for various reasons. In total, 107 thalassaemia intermedia patients from 6 6  different 

families were examined. Patients attending the Al-Basher Hospital in Amman and 

Princess Rahmeh hospital in Irbid, known to have thalassaemia intermedia, were 

contacted and invited to participate in this study. Whenever possible, the extended 

family members were also examined. Physicians in charge of the paediatric clinics in 

the hospitals in Jordan were informed about the study, including most private 

haematological laboratories, and were asked to participate.

Blood Samples from the patients and their families were collected, either at their own 

homes, or at the genetic laboratory in Amman, or at Princess Rahmeh hospital in Irbid, 

with the participation of the doctors and nurses.

125



________________________________________________________________ Chapter 3

Haematological data including the full blood count (FBC), HbAz and Hb F levels, liver 

function tests, and serum ferritin were done at the Jordan University Hospital (JUH) in 

Amman.

DNA analysis was performed at the Genetic Laboratory, JU In (Jordan), and at the 

Perinatal Centre (UK), as previously described in chapter 2.

At the time of sampling, each individual and their parents were interviewed. 

Information including age at presentation, steady state Hb, if transfused, age at first 

transfusion, presence of splenomegaly, the presence of bone changes, growth deficiency 

(height & weight using Tanner-Whitehouse chart), thalassaemic facies and clinical 

status, ethnic origin, and parental consanguinity was recorded using the patient’s notes. 

The treating physicians and nurses participated. Although this data was not used to 

categorise patients as mild, moderate and severe, except for the homozygous IVS 1-6  

patients who are discussed in chapter 4.

3.2.1. Results:

3 2.1.1. Family screening and family pedigree:

Retrospective screening for 6 6  families revealed previously unidentified thalassaemia 

intermedia patients in 44% of families: 19 patients were diagnosed during this study. 

Pedigrees were drawn using the Cyrillic 3 software. In one such family (Fig.3.5), a 

grandmother was identified as having thalassaemia intermedia, 24 members were tested 

in the extended family, which revealed 10 affected, 11 carriers, and only 3 normal 

individuals (12.5%) (Fig.3.5). Therefore, 65% of alleles were thalassaemic, and only 

one consanguineous marriage of all possible marriages in the third generation would not 

be at risk.

3 2.1.2. Age distribution:

Age of presentation ranged from 2- 70 years, with a mean age of 14 ± 10.6 years, 82% 

of patients were < 20 years (Fig.3.6a).

The age of diagnosis ranged from 2-70 years, the mean age of diagnosis was 7.5 ± 9.3 

years (Fig.3.6b). Patients who were diagnosed under 2 years of age were because 

another affected sibling was present in the family.
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Figure: 3.5. Family pedigree, the arrow shows the proband, double lines indicate consanguineous
marriage and the following shapes represents: [ ]  Normal male 0  Normal female |  Homozygous male

Aborted undiagnosed \/Q  Died undiagnosed

Carrier female
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Figure: 3.6. (a) Represents the distribution of patients age with the
normal curve for 107 thalassaemia intermedia patients, (b) represent the 
distribution of patients age at diagnosis with the normal curve.

3.2.1.3. Consanguinity:

The consanguineous marriages in the 6 6  thalassaemia intermedia families are 

summarised in Table 3.6. There were 65.2% first cousin marriages, and 25.8% unrelated 

ones.

Table: 3.6. Consanguinity among thalassaemia intermedia families

Consanguinity Frequency Percentage
First cousin marriage 43.00 65.15
Second degree relatives 6 .0 0 9.09
Not relatives 17.00 25.76
Total number of families 66.00 100.00

3.2.1.4. Ethnic Origin

Patients’ ethnic origin is summarised in Table 3.7. 70% of patients were of Palestinian 

descent; 18% from Irbid; and 3.7% from Turkey. These three regions contain 92% of 

patients. At the time of sampling, 43% of patients were living in the Capital Amman 

and 40% in Irbid.
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Table: 3.7. Ethnic group for thalassaemia intermedia patients, and their place
of residence.

Ethnic No of Percent City No of Percent
Palestine 75 70.10% Amman 46 43%
Irbid 18 16.80% Irbid 42 39.3%
Turkish 4 3.70% Zarqa 9 8.4%
As Salt 3 2.80% Mafraq 5 4.7%
Mafr-aq 2 1.90% AlSalt 3 2 .8 %
Wadi Saer 2 1.90% Wadi Saer 2 1.9%
Yemen 2 1.90%

Total 107 1 0 0 %
Syrian 1 0.90%
Total 107 1 0 0 %

3.2.2. Haematological and mutational analysis:

Full blood coimts were done on an automated blood cell analyser (Sysmex SB 9500 - 

Japan). The percentage of Hb F and Hb A2 levels were quantified by cation exchange 

high-performance liquid chromography (HPLC) analyser model BioRad Variant 

(BioRad, USA). The haematological and the genetic parameters are shown in Annex 

2.0.

3.2 2.1. Mutation analysis:

There were 107 thalassaemia intermedia patients representing 214 alleles. Eighteen p - 

globin mutations were identified; the type of mutation and their frequencies is 

summarised in Table 3.8.

The ARMS-PCR method identified 175 (81.8%) alleles representing the following 

mutations; IVS 1-6 (T-^C), IVS H-1 (G->A), IVS I-llO (G->A), -87 (C->G), IVS 1-5 

(G^C), Cd 37 (G^A), IVS I-l (G->A), and IVS H- 745 (C^A).

Eighteen alleles (8.4%) were identified by DGGE followed by ARMS-PCR for the most 

common mutations found in the abnormal fragment: Cd 6  (-A), Cd 30 (G->C), -30
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(T->A), Cd 8  (-AA), Cd 27 (G->T). With sequencing, another 16 (7.4%) alleles were 

identified: IVS H-848 (C->A), -90 (C^T), - 8 8  (C^A), and +22 (G->A). The Sicilian 

(6 p)°, 13.4 Kb deletion was also found.

The mild IVS 1-6 mutation represented 52.8% of the total mutations found, IVS II-1 

accounted for 15.4%, IVS 11-848 (5.1%), IVS I-l 10 (4.7%), Cd 6  (-A) (3.7%), -87 

(3.7%), Cd 30 (2.3%), and the remaining eleven mutations were less frequent, ranging 

from 1.9%- 0.5% (Table 3.8). In total 22 genotypes (one was normal) were identified; 

and 45% of patients were homozygous for IVS 1-6 (Table 3.9).

3.2.2.2. Xmn I genotype:

Xmn I (+/+) genotype was found in 5 patients (4.7%), with homozygous Codon 6  (-A) 

(4 patients), and the Codon 8  (-AA) mutation (1 patient). Table 3.10 shows the Xmn I  

data and the corresponding p-genotype. Family studies showed the association of the 

‘+’ site with the mutations IVS II-1, IVS 1-5, TVS I-l 10, IVS 11-745, Cd 37 and Cd 30 in 

compound heterozygote patients.

3.2.2.3. Co-inheritance of a-thalassaemia:

The DNA from all thalassaemia intermedia patients was screened for the co-inheritance 

of the following a-thalassaemia mutations [-a^^, a a a  anti^^ hybrid,

a l  (ATG^GTG) and o2 (ATG-»ACG) initiation codon 

and a2 rVS I (5 nucleotide) deletion].

8  patients had the acc/-a^^a genotype, 2  patients had aoZ-a'^^a genotype, 2  patients 

had a a /a a a  anti^^ hybrid, and one patient had a2 IVS I (5 nucleotide) deletion. This 

latter patient turned out not to have thalassaemia intermedia at all. Table 3.10 shows the 

a-thalassaemia variants, and the corresponding p-genotype.
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Table: 3.8. The prevalence of mutations in Jordanian Thalassaemia Intermedia 
patients

Allele

Type of 

P-thalassaemia

No. of

chromosomes

% of

alleles Origin

I V S -l ,n t6 (T -> C ) P^mild 113 52.8% Mediterranean

IVS-2, nt 1 (G ^ A ) severe 33 15.4% Mediterranean

IV S -2 ,n t8 4 8  (C -A ) severe II 5.1% Mediterranean

I V S - l ,n t l lO (G ^ A ) P  ̂severe 10 4.7% Mediterranean

Codon 6 (-A ) P° severe 8 3.7% Mediterranean

-87 (C ^ G ) P ^ m ild 8 3.7% Mediterranean

Cd 30 (G->C) P° severe 5 2.3% Italian, Tunisian and UAE

IVS I, nt 5 (G->C) P  ̂severe 4 1.9% Sicilian, Turkish

Codon 37 (G ->A) P° severe 4 1.9% Saudi Arabian, Egyptian

IVS-1, nt 1 (G ^ A ) P° severe I 0.5% Mediterranean

-30 (T->A) P  ̂moderate 2 0.9% Turkish, M acedonian

IV S-2, nt 745 (C ^ A ) P  ̂severe 2 0.9% Mediterranean

Codon 8 (-AA ) P° severe 2 0.9% Mediterranean

-90 (C -»T ) P ^ m ild 2 0.9% Portuguese

+22 (G ^ A ) p ^ m ild 2 0.9% Bulgarian

-88 (C ->A ) P ^ m ild I 0.5% Mediterranean, Iranian

Codon 27 (G->T) Hb K nossos I 0.5% Mediterranean

Sicilian (8p)°, I3.4Kb del (6p)° I 0.5% Mediterranean

“N onnal” 4 1.9%

Total 214 100%

“Normal”: two normal alleles were found in two individuals who were also carriers for 

IVS 1-5 mutation and a triplicate a-gene (aa a  anti^^ hybrid). The other two normal 

alleles were found in an individual misdiagnosed as thalassaemia intermedia.
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Table: 3.9. Different genotypes among thalassaemia Intermedia patients

Genotypes Type of mutation No of Patients Percent

Homozygous IVS 1-6 p7p" 48 44.9
Homozygous IVS II-1 p7p” 14 13.1
Homozygous Cd 6 p7p° 4 3.7
Homozygous IVS 11-848 p7p^ 2 1.9
Homozygous IVS I-l 10 p7p" 2 1.9
Homozygous -90 P++/P++ 1 0.9
Homozygous Cd 8  (-AA) p7p° 1 0.9
IVS I-6/Cd30 p7p“ 5 4.7
rVSI-6/IVS I-l 10 p7p" 4 3.7
IVS 1-6/ IVS n-i pVp” 3 2 .8

IVS I-6/Cd37 P+/P° 2 1.9
rVS 1-6/ -30 P7p+ 2 1.9
IVS 1-6/IVS 1-5 p7p+ 1 0.9
r v s n - i / iv s  i-i p7p° 1 0.9
-87/H-848 p^Vp+ 6 5.6
-87/CD 37 P"Vp° 2 1.9
-8 8 / IVS 1-5 p^vpr 1 0.9
+22/IVS n-745 p-^/p^ 2 1.9
IVS n-848/ Cd 27 p7 Hb Knossos 1 0.9
Sicilian (5p)7IVS I-l 10 (6P)7P+ 1 0.9
IVS 1-5/Norm pVp" 2 1.9
“Norm/ (a2 IVS I, 5 nt deletion) f / f 1 0.9

Total 22 Genotype 107 1 0 0
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Table: 3.10. Siunmary of the a-thalassaemia variant, the Xmn I polymorphism for each corresponding genotype in thalassaemia 
intermedia cases.

No. Genotype
a-variant

Xmn I Total
alpha

variant
The contributing factor 

for TI
Total

genotype-/- -/+ +/+
1

Homo 1-6
acx/aa 44 Two mild 3-mutation

48aot/-4.2a 2 2
aa/-3 .7a 2 2

2 Homo 11-1* ao /aa 9 5 Mild 3 -mutation & Xmn I in some 14
3 Homo -90 a o /a a 1 Two mild 3 -mutation 1
4 Homo 11-848* ao /aa 2 3-mutation, mild in Jordanian population 2
5 16 / I-l 10 ao /aa 3 1 One mild 3-mutation & Xmn I 4
6 1-6/1-5 oo /oa 1 One mild 3-mutation & Xmn I 1
7 1-6/ Cd 37 o o /o a 2 One mild 3-mutation & Xmn I 2
8 1-6/ Cd 30 o o /oa 3 2 One mild 3-mutation & Xmn I 5
9 1-6/ -30 o o /o a 2 Two mild 3-mutation 2
10 1-6/ II-l oct/oo 3 Two mild 3-mutation 3
11 11-1/I-l o o /o o 1 One mild 3-mutation & Xmn I 1
12 11-1/I-l 10 oo/-3 .7o 1 1 Mild 3-mutation & alpha variant 1
13 Cd 37/ -87 o o /oo 2 One mild 3-mutation 2
14 -87/ U-848 o o /o o 4 Two mild 3-mutation 6

oo/-3 .7o 2 2 Two mild 3-mutation & alpha variant
15 11-745/ +22 oo /oo 2 One mild 3-mutation & Xmn I 2
16 1-5/ “88 o o /o o 1 One mild 3-mutation 1
17 Cd 27/11-848 oo/-3 .7o 1 1 Two mild 3-mutation 1
18 Norm oo/o2  IVS 5nt del 1 1 Misdiagnosed as TI 1
19 Homo I-l 10 oo/-3 .7o 2 2 Alpha variant 2
20 1-5/ Norm oo/ooo'^*^^-"*^’̂ ** 2 2 Carrier for 3-mutation with triplicated o 2
21 Homo Cd 6 o o /oo 4 Xmn I 4
22 Homo Cd 8 (-AA) o o /oo 1 Xmn I 1
23 (S3)/I-110 o o /oo 1 (63) thalassaemia 1

Total 88 14 5 13 107
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DISCUSSION:

3.23» Sample collection:

Initially 78 families were contacted, but twelve families did not want to participate in 

this study. Five of these families represented 9 female patients, who were either married 

or of marriageable age. These women did not want their family members, particularly 

their husbands or their husband’s family, with whom they living, to know they had 

thalassaemia intermedia. The young unmarried girls believed such a study might affect 

their marriage potential. We tried to counsel them about their thalassaemia intermedia, 

and left the door open for any help or advice in the future.

Another two families included five patients who had suffered from several 

complications, such as extramedullary erythropoiesis and did not want further 

investigations.

There were two male patients working outside the country, where it was not possible to 

arrange sampling; and in the remaining three families, several attempts to contact them 

failed.

3.2.4. Ethnic origin

70% of the patients were of Palestinian origin, and 16.8% where from Irbid, the variety 

in ethnic origin reflects the influx of immigrants to the country. 43% of the patients 

were living in the capital Amman; 39% in Irbid. Similar findings were found among 

thalassaemia major patients.

3.2.5. Consanguinity:

In the patients studied, homozygosity for the same mutation was 72%, and similar to the 

findings among the thalassaemia major patients studied (63%). Such high prevalence 

may reflect the high rate of consanguineous marriage among Jordanians, as 88.9% of 

the thalassaemia intermedia homozygous patients were from consanguineous parents.
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In this study, 65% of the marriages were first cousins, 9% were second cousins, and 

only 25% unrelated (see Table 3.6). In a study by Khory S.A. and Massad D., (1992), 

50% of marriages were found to be consanguineous, first cousin marriage was 32%, 

second cousin 6 .8 %, and distant-relation 10.5%.

3.2.6. Genetic factors associated with thalassaemia intermedia in Jordan:

3.2 6.1. The P-globin gene

In this study, the inheritance of a mild P-globin gene mutation is the most important 

factor contributing to thalassaemia intermedia. Eighteen mutations were detected in the 

p-globin gene. Table 3.8 summarises the frequency of each mutation and where the 

mutation is found.

8 6  (80%) of the patients have at least one mild p-thalassaemia mutation, and only (15%) 

have only one mild p-thalassaemia mutation. These mutations combined to form 22 

genotypes (see Table 3.9), and 65% of patients were homozygotes or compound 

heterozygotes for mild (p^  or p^ ) mutations. One of these patients was misdiagnosed as 

thalassaemia intermedia. A summary of the different p-genotypes, the co-inheritance of 

a-thalassaemia trait and theXm« /  is listed in Table 3.10.

3.2.6.2. Homozygosity or compound heterozygosity for IVS 1-6 mutation:

The mild IVS 1-6 mutation (p^ was the most common mutant allele among the 

thalassaemia intermedia patients (52.8%), of which 44.9% (48 patients) were 

homozygous for TVS 1-6. Similar results have been reported in Mediterranean 

populations (see Table 3.11), although this study found the highest IVS 1-6 

homozygosity.

The IVS 1-6 mutation activates the cryptic splice site and reduces the amount of 

normally spliced P-globin gene mRNA. It has been reported that patients homozygous 

for this mutation have mild disease, while compound heterozygotes with a more severe 

mutation show a wide range of clinical manifestations, ranging from mild thalassaemia 

intermedia to thalassaeniia major (Huisman, T.H.J. 1990).
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Table: 3.11. The frequency of IVS 1-6 allele among thalassaemia intermedia

Country IVS 1-6 
allele

Homozygous 
TVS 1-6

Reference

This study 53% 45%
Turkey 24% (Altay C. et al., 1990)
Southern Italian region (Leoni GB., et al., 1991)
Lebanon 49% 31% (Qatanani M., et al., 2000)
Israel 40% 37% (Rund D. et al., 1997)
Palestine 49% - — - (El-Latif M. et al., 2002)

Such a large number of patients with homozygous IVS 1-6 represents a pure genotype 

and gives the chance to evaluate different factors contributing to the clinical 

heterogeneity of the phenotype. Therefore, an in-depth study of these patients was 

carried and is discussed in Chapter 4.

Compound heterozygotes for IVS 1-6 with a severe mutation was detected in 15 patients 

(14%) see Table 3.10. Five of these patients (4.7%) also had the Codon 30 mutation (a 

severe p®-allele), and two of them had (-/+) Xmn 7 polymorphism. Two patients (1.9%) 

had Codon 37 (a severe p°-mutation) combined with (-/+) Xmn I  polymorphism. Four 

patients (3.7%) had IVS I-l 10 (a severe p^-allele), and one of them had the -/+Xmn I.

Three patients (2.8%) had IVS II-1 (a severe p°- mutation), and one patient (0.9%) had 

rVS 1-5 (a severe p^-allele) combined with (-/+) Xmn 7 polymorphism. The presence of 

the rVS 1 -6  mutation was the main factor in ameliorating the disease among this group 

of patients. While patients who were compound heterozygotes with a severe mutation 

the co-inheritance of the positive Xmn I  (-/+) polymorphism was also a contributing 

factor see Table 3.10.

3.2.6.3. Homozygosity or compound heterozygosity for IVS II I mutation:

This study found that the p°-globin gene mutation IVS II-l (G->A) was the second 

most frequent allele 33/ 214 (15.4%). Homozygote TVS II-l accounted for 13.1% of 

thalassaemia intermedia patients. Six of the 14 homozygote patients have the -/+ Xmn I  

polymorphism (Table 3.10).
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Homozygous IVS II-l seems to be associated with the late presentation of the disease 

among this group of thalassaemia intermedia patients. The mean age of diagnosis was 

5.6 (± 4 years) ranging from 1-15 years old. No a-thalassaemia was found in this group 

of patients (Table 3.10).

Nine of the 14 homozygotes patients had (-/-) Xmn I  polymorphism. In six of these 

patients, the mean age of diagnosis was 6  (±2 years) ranging from 1.7-9 years. They 

were transfused monthly, had moderate thalassaemic facies, and their mean heights 

were below the 10* centile, see Table 3.12.

An exception is the patient in family-45; a 25 years old female, who was transfused less 

than two times per year, with a steady state Hb level of 7.8 g/dl, and 72% Hb F (5.0 

g/dl), mild thalassaemic facies, height on the 75* centile. At the time of interview, she 

appeared to be mentally dull, and could not cope with the primary school curriculum. It 

was suspected by her physician that she might have a Fragile-X Syndrome known as the 

ATR-X syndrome, (see Table 3.12).

The other three patients with an Xmn I  of -/- were < 2 years of age, untransfused, with a 

mean Hb 7.9 (±0.4) g/dl.

Five of the 14 homozygotes patients had an Xmn /  polymorphism -/+; there mean age at 

diagnosis was 9 (±4 years) ranging from 4-15 years old, and a mean haemoglobin level 

of 8.2 (±0.2 g/dl), (see Table 3.12). Four patients were splenectomised and only 

occasionally transfused after splenectomy (every 1-2 years). One male patient (Fam-39) 

was splenectomised, but required blood transfusions (1 -2  times/ year), and had severe 

thalassaemic facies. This patient was not coping with his treatment, not using desferal 

and died of iron overload during this study. In the patients with no Xmn /  polymorphism 

the transfusion requirements were higher than those patients with the polymorphism.

The association of a positive Xmn 1 polymorphism with IVS 11-1 mutation was not so 

prevalent in these patients, as only 18% of the IVS 11-1 alleles were associated with a 

positive polymorphism. These findings are different from those reported in thalassaemia 

intermedia patients from Southern Iran, where 24% of patients homozygous for TVS 11-1 

allele had a strong association (91%) with a positive Xmn 1 polymorphism (p<0.01) 

(Mehran Karimi et al., 2002). In a Lebanese thalassaemia intermedia patients study,
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there was a 100% association (Qatanani M. et al., 2000); as there was in a study from 

Turkey (Altay C. et al., 1995).

On the whole, patients homozygous for IVS II-l were clinically more severe than those 

homozygous for IVS 1-6. The homozygous IVS 1-6 patients are discussed in detail in 

chapter 4.

There were two compound heterozygotes with the IVS II-l mutation: a five-year old 

patient with the IVS 11-1/ TVS I-l genotype, who also had an Xmn I  (-/+). He was 

diagnosed at 4 years of age, transfused more than four times a year. His weight and 

height were on the 25^ centile, and he had moderate thalassaemic facies.

The other patient had IVS 11-1/ IVS I-l 10 genotype and also co-inherited a^- 

thalassaemia. She was diagnosed at 6  years of age, and monthly transfused. At 

diagnosis, her Hb level dropped to 3 gm/dl, the Hb F level was 78%, and Hb A was 

17%.

The patient has moderate thalassaemic facies, but is not growing well as her height is 

less than the 3*̂*̂ centile.

Homozygous IVS II-l mutation has been reported in one Israeli thalassaemia 

intermedia patient, and another 5 patients with IVS 11-1/ TVS I-l 10 genotype, and a 

positive Xmn I polymorphism (+/+). All patients were symptomatic with thalassaemic 

facies, and had moderately severe anaemia. They required occasional (3-4/ year) blood 

transfusions, and were splenectomised (Rund D. et al., 1997).
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Table: 3.12. Association betweenX/w« /polymorphism and homozygous IVS II-l among TI patients. The haematological data was
obtained at the time of study.

Homozygous IVS II-l (Xmn I -/-)

Family Weight Height Age Xmn I
Age
diag

Hb
g/di MCV

Hb
A%

Hb
A2%

Hb
F%

Blood
transfusion Spleen Facial

Fam-12 <3 centile <3 centile 19/F 9 Monthly Enlarged (<3cm) Moderate
Fam-12 10-25 centile <3 centile 12/ M 2 Monthly Enlarged (<3cm) Moderate
Fam-26 3-10 centile 3-10 centile 14/M 4 Monthly Normal Moderate
Fam-38 25-45 centile 10-25 centile 9/F 5 Monthly Enlarged (<3cm) Moderate
Fam-38 <3 centile <3 centile 12/ F 1.7 Monthly Splenectomy Moderate
Fam-45 10-25 centile 50-75 centile 25/F 7 7.8 6 8 25.3 2 .8 72.2 2 <per year Enlarged (<3cm) Mild

Homozygous IVS II-l (Xmn I -/+)

Family Weight Height Age Xmn I
Age
diag

Hb
g/dl MCV

Hb
A%

Hb
A2%

Hb
F%

Blood
transfusion Spleen Facial

Fam-61 3-10 centile 10-25 centile 2 2 / M -/+ 15 8.1 92 None No Mild
Fam-37 <3 centile <3 centile 15/M -/+ 4 8 .2 79 40.3 3 56.7 Occasionally Splenectomy Moderate
Fam-37 10-25 centile <3 centile 13/M -/+ 7 8 80 6 6 .2 2 .6 31.2 Occasionally Splenectomy Moderate
Fam-39 <3 centile <3 centile 2 1 / M -/+ 12 2 <per year Splenectomy Severe
Fam-39 <3 centile <3 centile 18/F -/+ 8 8.5 64.2 0 5 95 Occasionally Splenectomy Mild
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3.2 6.4. Homozygosity or compound heterozygosity for mild P-thalassaemia alleles:

Mild P-thalassaemia phenotypes often result from mutations in the promoter elements, 

or mutations involving the cryptic splice sites in exons or introns. However, interaction 

with severe p-thalassaemia alleles can result in a transfusion-dependent disorder or 

intermediate forms of p-thalassaemia (Weatherall D.J., 2001).

Mutations in the distal promoter element T or A/CACCC (roughly at -80 to -100) was 

found to be an important regulatory element (Orkin et al., 1984). Therefore, most single 

base substitutions in the promoter elements, caused by mutations such as: -90 (C->T), 

- 8 8  (C->A), - 8 8  (C-T), -87 (C-^G), may decrease the binding of certain transcription 

factors to that site, resulting in a modest defect in transcriptional activity (Huisman 

1997; Orkin SH., et al., 1984).

Mutations involving the proximal CACCC box in the promoter sequence, such as: -29 

(A->G), -31 (A-^G), -28 (A-»G), -30 (T->A), result in a decreased production of p - 

globin mRNA, and have mild phenotypic manifestations (Orkin et al., 1984). Similarly, 

the 5’ UTR from the cap site to the initiation codon has 51 nucleotides in the P-gene, 

and contains a unique base sequence (Rosatelli et al., 1989). Mutations in that region, 

such as 5’ UTR +22 (G-^A), generate a modest defect in P-globin mRNA production 

(Oner et al., 2001).

Interestingly, -90 (C^T), 5’ UTR +22 (G-+A), -30 (T-+A) and - 8 8  (C->A) mutations 

were reported for the first time in Jordan.

Only one 3 year-old girl was homozygous for -90 (C-+T) a p ^  mutation, with an Hb 

level of 7.2 g/dl, Hb A of 28.3% and Hb F of 65%. She was diagnosed at 2 years of age, 

had only one transfusion and has moderate thalassaemic facies.

Two siblings (1.9%) had the -30/ TVS 1-6 genotype: the eldest was diagnosed at 6  years 

of age. Both have severe thalassaemic facies, growth retardation below the 10* centile, 

and require monthly transfusions. This is interesting and unusual as both these 

mutations are mild and the expected phenotype should be mild.
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The other mild mutations present as compound heterozygotes with either a severe or 

P° mutations are shown in Table 3.10. Six patients (5.6%) had -87/ IVS 11-848 (a 

severe p°-allele); the mean age of diagnosis is 4.5 (±3 years) ranging from 2-10 years. 5 

of the 6  patients were relatives (Family 35 & 36), and two of them co-inherited the a^- 

thalassaemia. The steady state Hb levels and the clinical findings are shown in Table 

3.13. Patients who co-inherited the  ̂deletion were not transfused, did not require 

splenectomy, and had mild thalassaemic facies although they were both below the 3"̂  ̂

height centile as was the patient in family 35. The a^-thalassaemia trait may have been 

an ameliorating factor, although growth was retarded.

Two siblings (1.9%) had -87/ CD 37 (a severe p°-allele); the eldest was diagnosed at 2 

years of age; both are transfused every 3 months; they have mild thalassaemic facies; 

their spleen size is <3cm; and their height is below the 3̂  ̂centile.

One five year old patient (0.9%) had -8 8 / TVS 1-5 (a severe p^-allele) genotype; was 

diagnosed at 3 years of age; is on regular blood transfusion every 3 months; has mild 

thalassaemic facies; has a spleen size of <3cm; and is below the 3"̂  ̂centile in height.

Two siblings (1.9%) had +22/ IVS 11-745 (a severe p^-allele) genotype combined with 

(-/+) Xmn I. The eldest is a 15 year-old female who was diagnosed at 6  years of age. 

She was on regular blood transfusions, but stopped after splenectomy. The steady state 

Hb level is 7.5 g/dl; and her height is on the 25* centile. Her brother was diagnosed at 

10 years of age, has not being transfused, has a steady state Hb level of 10 g/dl; has a 

normal spleen, and is on the 75* centile in height. Both had cholecystectomy and had 

mild thalassaemic facies.

3.2.6.S. Structural Hb variants

Compound heterozygosity for Codon 27 (G->T) (Hb Knossos) with IVS 11-848 (a 

severe p^-allele) was detected in a 16-year-old male. He was diagnosed at 7 years of 

age; was transfused more than 4 times a year; and has moderate thalassaemic facies. He 

also carries the deletion. The steady state Hb level was 7.2 g/dl. Compound 

heterozygotes for Hb Knossos and severe P-thalassaemia mutation have been reported 

to result consistently in thalassaemia intermedia (Olds et al., 1991).
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3.2 6.6. Homozygosity for a severe mutation

The IVS U-848 (C->A) has been reported as a severe mutation. Homozygosity for 

this mutation was found in two patients. A 35 year old male diagnosed at 28 years of 

age, and his sister (30 years) diagnosed at 23 years of age (Fam-18). They were non

transfused; splenectomised; with a mean Hb steady state level of 7.6 g/dl (brother: 8.5 

& sister: 6 .8  g/dl); had a mean HbA of 42%; and mean Hb F of 53%. The brother has 

moderate thalassaemic facies, and has 5 children. His sister, however, has severe 

thalassaemic facies, bone deformities, and growth retardation (<3 centile).

Haplotype V [ + ---------+ -] was found to be associated with this mutation in these

patients. No a-globin variant or /  polymorphism was found in either patient.

The C ->A mutation at IVS U-848 occurs at a position 3 nucleotides 5’ to the third 

exon, adjacent to the invariant AG di-nucleotide of the acceptor sequence. The mutation 

abolishes the 3’ consensus sequence and results in a p^ phenotype (Tuzmen S. et al., 

1997).

This mutation was first discovered in a black American with haplotype I [+ ------- + +]

(Gonzalez-Redondo et al., 1988), and has an estimated frequency of 11% in Egyptians 

with haplotype XI [+ + - + -] (Hussein IR., et al., 1993). It has been seen before in

Iranians with haplotype VU [+ ........... +] (Wong et al., 1989), later in Pakistanis with

severe anaemia with haplotype VU (Khan SN., et al., 2000), Tunisians (Fattoum et al., 

1991), and an Israeli Arab (Filon D., et al., 1994). These studies reported a severe 

genotype, although this study shows it to be a mild mutation with high Hb A and 

associated with haplotype V.

In two patients homozygous for IVS I-l 10 mutation, the co-inheritance of a^- 

thalassaemia trait was identified as the sole ameliorating factor. The mean age of 

diagnosis was 3 years; the mean Hb steady state level was 9 g/dl; and they were 

transfused every 2-3 months from diagnosis. The presence of a^-thalassaemia may be 

an ameliorating factor, although it is unclear if there are other ameliorating factors such 

as other non-deletional mutations in the a-globin gene, which could not be tested for by 

PCR.
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Table: 3.13. Association between the alpha genotype and the clinical phenotype within the same p-genotype

c
-87/IVS H-848

^ote: family 35 and 36 are relatives)

Age/ sex
Age

diagnosis Hb MCV HbA Hb A2 H bF
Blood

transfusion
Splenect

omy
Clinical
facies

S-
ferritin

Height
Alpha

32/F(Fam.35) 7 7.4 84 40.6 6.3 53.1 Occasionally Yes Moderate 4772 25^ centile a o /a a
24/M(Fam. 35) 3 8.7 75 44.5 7.3 48.2 Stopped Yes Moderate 4558 1 0 * centile a o /a a
15/M (Fam. 35) 1 7.5 75 NA NA NA Monthly Yes Moderate 5278.9 <3 centile oo/oa
14/M(Fam. 36) 1 0 8.7 50 60.6 6 .6 32.8 Non No Mild 2 2 .6 <3 centile ao/-3.7a
4/ M (Fam. 36) 3 8.3 51 42.5 7.5 50 Non No Mild 36 <3 centile ao/-3.7a

20/M 2 7.7 59 63 8 29 Stopped Yes Mild - 75* centile oo/oa

Table: 3.14. (a) Association between Xmn I and the p°/p° mutation in TI patients and the clinical phenotype

Xmn I +/+, oo /oa

Family Height Age
Age
diag.

Hb
g/dl

MC
V

Hb
A%

Hb
A2%

Hb
F% Genotype

S-
ferritin S-tfRs

Blood
transfusion Spleen Faces

Fam-13 50-75 per 29/M 4 11 80 0 1.7 98.3 Cd 6  (-A) 1142.22 6.79Occasionally Splenectomy Mild
Fam-13 3-10 per 21/M 10 9.7 76 0 2.3 97.7 Cd 6  (-A) 390.17 8.07 Stopped Splenectomy Moderate
Fam-13 10-25 per 19/F 4 9.7 83 0 1 .6 98.4 Cd6 (-A) 485.56 17.9Stopped Splenectomy Mild
Fam-13 3-10 per 12/ M 6 8 .6 82 0 1.6 98.4 Cd 6  (-A) 321.57 8 .21 Stopped Splenectomy Severe
Fam-29 50-75 per 8/M 3.5 10.5 67 0.3 2.3 97.4 Cd 8 (-AA) 409.85 8 .1 2 Occasionally Enlarged (< 3cm) Mild
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3.2.6.7. Homozygosity for a mutation and the enhancement of y-chain 

production:

Determinants for enhancement of y-chain production in adult life are able to reduce the 

overall a/non-a globin chain imbalance, resulting in the production of a mild phenotype 

when co-inherited with severe p-thalassaemia mutations.

There were 5 patients homozygous for a severe P°- mutations [4 patients with Cd 6 (-A) 

mutation and one patient with Cd 8 (-AA) mutation] with an Xmn I  polymorphism of 

+/+. Their mean age of diagnosis was 6 (± 2) years ranging from 3.5-10 years; with a 

mean steady state Hb level of 9.7 (± 1 g/dl) ranging from 8.6-11 g/dl; and a mean HbF 

of 98 (± 0.3%) ranging from 97.7- 98.3% (see Table3.14). Similar findings were 

reported by Gliman and Huisman, (1985); Sampietro et al, (1992); and Qatanani M., et. 

al., (2000).

3.2.6.S. Sicilian (5p)° deletion

The Sicilian (ôp)° 13.4 kb deletion was detected in an eight year old girl with IVS I- 

110. She WEIS diagnosed at 3 years of age, and was transfused monthly until she was 

seven when she was splenectomised. The steady state Hb level was 9.5 g/dl, 92% Hb F 

(8.8 g/dl), 7.2% Hb A, and 2.1% Hb A2. Four family members were heterozygous for 

the Sicilian (6p)° deletion, with a mean Hb of 12 ± 0.3 g/dl (ranging from 11.8-12.6), 

and a mean Hb F of 14.5 ± 5% (ranging from 8.6-25%).

Similar haematological finding were reported among heterozygotes for the Sicilian 

(0p)°-thalassaemia in an Egyptian family (Craig et al., 1993), and in Italian individuals 

(Ottolenghi et al., 1982). Data is shown in Table 3.15.

The deletion is 13,337 bp in length: the 5’ breakpoint of the deletion lies within IVS-2 

of the Ô gene at a co-ordinate 55961; and the 3’ breakpoint lies at position 69338 within 

the full-length 6.4 kb LI repeat located downstream of the P-gene. It is characterized by 

the absence of p and ô-chain production, and an increase in y-chain production.
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Ethnic

Table: 3.15. Haematological findings among individuals with Sicilian (ôp)° 
deletion and a comparison with the other ethnic groups.

Patient sex & Hb MCV MCH Hb A2 Hb F Genotype
Age g/dl (fL) (Pg) % %

This study Patient F/5y 9.5 6 6 2 0 .2 2 .1 91.6 IVS 1-110/(ôp)®
Father M/42 1 2 .6 6 8 21.4 3.2 13 N/(ÔP)^
Mother F/40 11.7 63 19.4 5 0.4 N/IVS I-l 10
Sister F/10 1 1 .8 60 18.8 3 8 .6 N/(5p)°
Uncle M/36 1 2 .6 65 20.4 2 .8 9.6
Cousin M / 5 1 2 .0 70 2 2 .1 2.5 26.6

Egyptian Father M/72 11.5 68.5 2 1 .6 2 .8 4.8 N/(6 p)°
Mother F/62 14.7 92.1 31.6 2.4 0.4 Normal
Patient M/29 12.7 65.7 2 1 .2 2 .2 8 N/(0p)°
Brother M/32 14.4 90.1 30.7 2 .6 0.3 Normal
Brother M/20 14.2 92.8 30.7 2 .8 0.5 Normal

Italian Adopted M/22 1 2 .1 72.1 22.4 2.5 9.6 N/(ôp)°
Sicilian 12.4 71 23 2 .1 9 N/(ÔP)°

The milder nature of ôp-thalassaemia is due to the high levels of y-chain synthesis, 

resulting from an enhancer effect on the y-chain production, caused by remote 

sequences brought into the vicinity of the y-gene by the deletion.

3.2.6.9. Coinheritance of a triplicated a-gene.

Two patients were found to have one severe allele IVS 1-5, and the triplicated aaa^^' 

^■ -̂gene. The mean Hb level was 9 g/dl, with a mean Hb A of 62.5%, and a mean Hb F 

of 12%. They did not require transfusion, and had a mild phenotype. The intermediate 

severity among these carriers is due to the excess a-chain production, which increases 

the degree of (a/non a) globin chain unbalanced ratio (Kanavakis E., et al., 1983; 

Galanello R., et al., 1983; Rund D., et al., 1997).

A non-deletional a-thalassaemia variant (5 bp deletion at exon 1/ IVS I junction of 

a 2  globin gene) was present in a 2  year-old patient, diagnosed as thalassaemia 

intermedia. He had an Hb F of 6 .6 %. His Hb kept dropping to 9 g/dl, although at the 

time of interview it was 11.6 g/dl. Both parents had a normal Hb A2. Sequencing
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showed a normal P-genotype in this boy. The doctors were informed of this 

misdiagnosis and are investigating the patient further for other disorders.

3.2.7. Management of thalassaemia intermedia in Jordan

The clinical management of patients depends on the centre that they attend, as there are 

differences in treatment policy. Thalassaemia intermedia is a challenging disease to 

manage as growth and bone deformities need to be closely monitored in young 

thalassaemia intermedia patients; and any deviation from normal should alert the 

physician to consider the need for blood transfusion.

In general, patients who maintain Hb levels of ~7g/dl and grow normally are monitored 

every 2-3 months to evaluate their progress. When patients can no longer maintain Hb 

levels above 6 .0  g/dl, they generally start blood transfusions, although treatment 

policies vary between centres.

Transfused patients are treated with desferrioxamine 3-5 days per week by 

subcutaneous infusion over 8-12 hours, and low-dose vitamin C to enhance chelation. 

Folic acid is also generally given, which is required for DNA synthesis in order to avoid 

megaloblastic anaemia. Tests to identify endocrine disturbance such as diabetes or 

thyroid, adrenal and liver function are performed for some patients.

Splenectomy is frequently recommended for patients who are no longer able to maintain 

an adequate Hb level. It is successful in 26% of the patients and avoids the need for 

further blood transfusions.

The height and weight of each patient is located on the Tanner-Whitehouse growth chart 

for both females and males (Fig.3.7,3.8 & 3.9); it is used routinely in Jordan.

The height of 38/ 63 (60%) of the male and 23/ 44 (52%) of the female patients was 

below the 25* centile. 25/ 63 (40%) male and 15/ 44 (34%) female patients were also 

below the 10* centile (Fig.3.7, 3.8).

77 patients were under 16 years of age, and 53 patients (69%) of these were below the 

25* centile: 33/ 46 (72%) of male and 20/ 31 (65%) of female patients. 34/ 53 (64%)
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patients were either not transfused, stopped transfusion after splenectomy, or are 

transfiised twice or less per year.

It also known that thalassaemia intermedia is usually associated with delayed puberty 

(De Sanctis et al., 1998). This study found growth retardation in the 11-15 year old 

patients. 15/17 (8 8 %) of male patients and 19/30 (63%) of female patients within this 

group were below the 25* centile. Similarly, 6 6 % of male patients and 52% of female 

patients were below the 25* centile in weight.

This study showed that some patients showed growth delay in late childhood or early 

adolescence; therefore, even with these mild mutations patients should be monitored 

carefully during this period by an endocrinologist for further support.

These data question the treatment policy of hospitals, and raise the possibility that many 

of these patients might grow better with regular blood transfusions, particularly during 

puberty, despite the fact that they maintain Hb levels above 7 gm/dl, and have mild 

genotypes.

3.2.8. Conclusion:

This study showed that the predominant cause of thalassaemia intermedia was the 

inheritance of mild p-thalassaemia alleles. 80% of patients had one or two mild 

p-thalassaemia alleles. Similar findings were reported by Camaschella et al., (1995) and 

by Rund et al., (1997) that 6 8 % of Italians, and 89% of Israeli thalassaemia intermedia 

patients had mild mutations.

The role of increased HbF response as an ameliorating factor is evident from those 

patients who are mildly affected and are homozygous or compound heterozygous for a 

severe p° or p+ thalassaemia (21 patients). 5/21 patients (23.8%) had anXww I  +/+ and 

would normally be expected to have transfusion dependent thalassaemia major. 

Although 10 patients had -/- Xmn /  therefore, there are clearly patients with an enhanced 

HbF response despite having Xmn I  -/-. The importance of a capacity for the production 

of HbF has also been shown in patients from Sardinia, where 95% of p° thalassaemia
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intermedia have codon 39 mutation, and where the majority of these patients had not 

inherited the a-thalassaemia trait or the Xmn /  polymorphism (Galanello et al., 1989). 

a-thalassaemia was present in 1 2 % of patients with two p-thalassaemia alleles of 

various p genotypes. The correlation between a-thalassaemia and a milder disease was 

not so evident, which is similar to the findings of Ho et al., (1998), but unlike those in 

Cyprus (Wainscoat et al., 1983), and in Sardinia (Galanello et al., 1989), where it is a 

significant ameliorating factor.

This study also confirms that the inheritance of an extra a-thalassaemia trait has a 

severe effect on p-thalassaemia trait (Camaschella et al., 1987).

The treating centre misdiagnosed one patient as having thalassaemia intermedia. 

Molecular techniques is the best way to confirming thalassaemia intermedia.
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Figure: 3.7. Shows the male height growth chart; curves represent 
longitude standards. 60% of the males are below the 25* centile; and 
40% of them are below the 10* centile.
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Figure; 3.8. Shows the female height growth chart; curves represent 
longitude standards. 52% of the female patients are below the 25* 
centile; and 34% of them are below the 10* centile.
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Figure; 3.9. Shows the weight chart for both males and females; 66% of 
males and 52% of females are below the 25* centile.
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3.3. COMPARISON WITH THALASSAEMIA MAJOR GENOTYPE

3.3.1. Age distribution among Thalassaemia major and thalassaemia intermedia 

patients

The age distribution of thalassaemia major and thalassaemia intermedia patients was 

compared with the normal age distribution of the whole Jordanian population (United 

Nation Yearbook -UNDY 1999) (Fig.3.10). A comparison of existing data within the 

age interval 20-24 years old shows that this group of thalassaemia major and 

thalassaemia intermedia patients could be considered as a representative group of all (3- 

thalassaemia patients in the country.

Age distribution of TM and Tl patients com pared with the 
population/ 1,000 in Jordan, (UNDY 1999)

300

“  200

> 100

■ TM 1,000 
□ 11/ 1,000
■  p o p /1,000

j  I I I
0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55+

Age group

Figure: 3.10. Shows the age curve of the population, and proportion of the 
age interval among thalassaemia major and thalassaemia intermedia 
patients.

p-thalassaemia patients should be diagnosed by the age of 20. The dramatic drop in the 

percentage of thalassaemia major and thalassaemia intermedia patients after the 20-24 

age group may be because patients with severe mutations are dying after the age of 2 0  

years old, or that the patients may have a mild mutation and remain undiagnosed. The 

frequency of thalassaemia major patients aged less than 4 years of age was found to be 

low. This could be because an extensive sample collection for mutation screening of 

thalassaemia major patients took place between 1993-1994. Therefore, patients below
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the age of nine years are not reported in this study. The young patients studied (0-9 

years) were identified when their parents attended for prenatal diagnosis.

This study attempted to approach all diagnosed thalassaemia intermedia patients in 

Jordan, although 19 patients did not participate as discussed previously in this chapter. 

However, a comparison between the age frequency of thalassaemia intermedia patients, 

and the Jordanian population within each age group shows that very few patients were 

within the age interval 0-4 years (7.5%) as compared to the population (15.3%) (Fig. 

3.11), indicating that the data of this study underestimates the total number of 

thalassaemia intermedia patients in the country. On the other hand, the frequency of 

patients within the age intervals 5-9 years (24.3%) and 10-14 years (22.4%) were higher 

than the population frequency within the same age interval groups: 14% and 12.6%, 

respectively (Fig.3.l 1).

pop%

Tl%

15

0-4  5-9  10-14 15-19 20-24  2 5 -29  30-34  35 -39  4 0 -4 4  4 5 -4 9  50-54  55+

Figure: 3.11. Shows the frequency of thalassaemia intermedia patients and 
the Jordanian population within each age interval. The arrows represent 
the two age groups considered for calculating a correction factor.

Therefore, a correction factor was estimated relative to the Jordanian population for 

those age intervals: 5-9 years and 10-14 years, which resulted in a total of 186 and 190 

thalassaemia intermedia patients, respectively. If the highest estimated number of 

patients is used: 190 patients, then this indicates that 43% of thalassaemia intermedia 

patients were not included in this study.
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The correction factor was applied to each age interval. The estimated number of 

unknown patients and the percentage within each age interval are listed in Table 3.16. 

The proportion of known to unknown thalassaemia intermedia patients within each age 

interval is shown in Fig.3.12.

Table: 3.16. Shows the known and the estimated unknown thalassaemia 
intermedia numbers within each age category.

Age
interval

Pop. % 
Jordan

No. of Tl 
patients 

this study
TI%

Adjusted
TI%

Estimated 
Tl patients 
in each age 

group

No.
unknown

Tl
patients

%
unknown Tl 
in each age 

group

% in Total 
unknown Tl 

patients

0-4 15.3 8 7.5 15.3 29 2 1 72.5 25.4
5-9 14 26 24.3 14 27 1 2.3 0.7

10-14 12.6 24 22.4 12.6 24 0 0.0 0.0
15-19 11.5 19 17.8 11.5 2 2 3 13.0 3.4
20-24 1 0 .8 15 14.0 1 0 .8 2 1 6 26.9 6.7
25-29 9 6 5.6 9 17 11 64.9 13.4
30-34 6.3 4 3.7 6.3 1 2 8 6 6 .6 9.6
35-39 4.8 1 0.9 4.8 9 8 89.0 9.8
40-44 3.5 2 1.9 3.5 7 5 69.9 5.6
45-49 2.9 0 .0 2.9 6 6 1 0 0 .0 6 .6

50-54 2.7 0 .0 2.7 5 5 1 0 0 .0 6 .2

55+ 6.3 2 1 .8 6.3 1 2 1 0 83.3 1 2 .0

Total 107 190 83 43.6% 100.0

It was found that a total of 83 patients were unknown; 25% of these unknown patients 

were under the age of 4 years. This is possibly because these patients are still 

undiagnosed.

30% of unknown patients were between 20 and 34 years. 19 of those 25 (76%) patients 

were known to have refused to participate in the study; the remaining 24% of this group 

may have such a mild disease that they are unaware of their genotype. Alternatively, 

they may have died from complications of the disease. The majority of unknown 

patients were above the age of 35 (40%), and once again, the likely reason for the lack 

of diagnosis is that they either have a mild phenotype, or they die before the age of 35.
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Figure: 3.12. Shows the proportion of known to unknown thalassaemia 
intermedia patients in Jordan, assuming all patients are still alive.

3.3.2. (3-thalassaemia alleles and genotypes

A total of 25 p-thalassaemia mutations were found among the studied thalassaemia 

major and thalassaemia intermedia patients. Differences in the type of p-thalassaemia 

mutation among each group found that the frequency of a severe p-thalassaemia 

mutation was higher among thalassaemia major patients: 75%; whereas in thalassaemia 

intermedia, 17% of mutations were severe (see Table 3.17).

A comparison of the homozygous genotypes associated with thalassaemia major and 

thalassaemia intermedia is shown in Table 3.18. The homozygous genotype was found 

in 63.5% and 67.3% in thalassaemia major and thalassaemia intermedia patients 

respectively, indicating a high rate of consanguineous marriages. In the families studied 

for thalassaemia major and thalassaemia intermedia, 60-65% were consanguineous.

Seven patients were mistakenly diagnosed by the treating centre as having thalassaemia 

major, and were thus put on regular blood transfusions. These patients were 

homozygous for -29, -30, TVS 1-6, and codon 27 Hb Knossos (Table 3.18). Such 

findings emphasise the need for genotype analysis for all patients in order to evaluate 

the likely phenotype; and to provide the relevant clinical management. Table 3.19 

attempts to show the likely clinical phenotype of the genotypes, some of which were 

studied in this thesis.
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Table: 3.17. The relative frequency of p-thalassaemia alleles among
thalassaemia major and thalassaemia intermedia patients in Jordan. 
Mild mutations in this study shown in bold.

Allele
Dialpiosis

TotalTM Tl

rvs I-1 1 0 (G->A) 79 (23.0%) 10 (4.7%) 89 (15.9%)
IVS I-l (G-^A) 58 (16.9%) 1 (0.5%) 59 (10.6%)
IV S1-6 (T ^C ) 34 (9.9%) 113 (52.8%) 147 (26.3%)
Cd 37(G->A) 29 (8.4%) 4(1.9%) 33 (5.9%)
IVS n-745 (C-^A) 24 (7.0%) 2 (0.9%) 26(4.7%)
Cd 39 (G->A) 23 (6.7%) 23 (4.1%)
IVSIl-1 (G-^A) 2 1  (6 .1%) 33 (15.4%) 54 (9.7%)
CdS (-CT) 19 (5.5%) 19 (3.4%)
Cd 8 (-AA) 9 (2.6%) 2 (0.9%) 11 (2 .0 %)
IVS 1-5 (G->C) 9 (2.6%) 4 (1.9%) 13 (2.3%)
-30 (T->A) 8  (2.3%) 2 (0.9%) 1 0 (1 .8 %)
Cd 6  (-A) 6  (1.7%) 8  (3.7%) 14 (2.5%)
Cd 15 (G->A) 4 (1.2%) 4 (0.7%)
Cd 1 (-G) 2  (0 .6 %) 2 (0.4%)
IVS 11-848 (C-^A) 2  (0 .6 %) 11(5.1%) 13 (2.3%)
-29 (A-C) 2  (.6 %) 2 (0.4%)
Cd 30 (G-C) 1 (0.3%) 5 (2.3%) 6 (1 .1%)
-87 (C->G) 8  (3.7%) 8  (1.4%)
-90 (€->T) 2 (.9%) 2 (0.4%)
- 8 8  (C—>A) 1 (0.5%) 1 (0 .2 %)
+ 2 2  (G ^A ) 2 (0.9%) 2 (0.4%)
(63)*» Sicilian 1 (0.5%) 1 (0 .2 %)
HbS 11 (3.2%) 11 (2 .0 %)
Cd 27 Hb Knossos 2  (0 .6 %) 1 (0.5%) 3 (0.5%)
Cd 26 Hb £ 1 (0.3%) 1 (0 .2 %)
Normal 4 (1.9%) 4 (0.7%)
Total 344 (100%) 214 (100%) 558 (100%)
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Table: 3.18. A comparison of the homozygous genotype frequencies present in 
thalassaemia major and thalassaemia intermedia patients. Mild 
genotypes in this study are shown in bold.

Homozygous

Alleles

Type of 

mutation

Thalassaemia major Thalassaemia intermedia

Frequency 

172 patients

Percent Frequency 

107 patients

Percent

Homo rv s  I-l 10 25 14.3 2 * 1.9
Homo rv s  I-l p7p” 2 1 1 2 .2 0 0

Homo IVS 1-5 P7p" 3 1.7 0 0

Homo rvs 1-6 p7p" !♦♦♦ 0 ,6 48 44.9
Homo rv s  II-1 p'/p" 9 5.2 14 13.1
Homo rvs n-745 P7p" 11 6.4 0 0

Homo rvs n-848 p7p+ 1 0 .6 2 1.9
Homo CD 5 (-CT) p7p° 8 4.7 0 0

Homo Cd 6 (-A) p7p° 2 1 .2 3.7
Homo Cd 8  (-AA) p7p" 4 2.3 1 ** 0.9
Homo Cd 15 (G>A) P7p° 2 1 .2 0 0

Homo Cd 27 Hb Knossos !♦♦♦ 0 .6 0 0

Homo Cd 37 p7p° 1 0 5.8 0 0

Homo Cd 39 p7p° 9 5.2 0 0

Homo -30 P"/P" !♦♦♦ 0 .6 0 0

Homo -29 A>C p7p+ !♦♦♦ 0 .6 0 0

Homo -90 p ^ /p ^ 0 0 1 0.9
TOTAL 17 109 63.4% 72 67.3%

* Co-inherited with a-globin gene mutation

** Associated with +/+Xtw« /  polymorphism. 

♦♦♦Misdiagnosed as thalassaemia major.
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Table: 3.19. Shows the expected clinical phenotype associated with various 
P-genotypes among the 25 p-alleles in Jordan.

A lle le o
?

p
u

<
1 v-l <

<

&
00
S

r- , On V) O
m m 00 NO cn

(73
>

GO
>

CZl
> Q

U
c/0
> Q

U
c/o
> Q

U
Q
U

c/0
> o Q

U
Q
U

Û
u

c/3

>
O n Q

U

IV S 1-110

IV S I-l

IV S 1-6

C D 37

IV S 11-745

C D  39

IV S 11-1

C D  5 (-C T )

C D  8 (-A A )

IV S 1-5

C D  6  (-A )

C D  1 5 (G > A )  

C D

IV S 11-848

C D  30

(S p )S ic ilia n

C D  2 7

C D  2 6

Thalassaemia major 
Thalassaemia intermedia 
Mild thalassaemia intermedia 
(SP) thalassaemia 
Hb F thalassaemia 
Homozygous mild or severe

8/ p-thalassaemia 
Sickle cell anaemia 
Hb E/ p-thalassaemia 
HbE
Hb Knossos / P-thalassaemia

158



________________________________________________________________ Chapter 3

Of course, other ameliorating factors can change their phenotype from severe to mild: 

i.e. homozygous codon 8  and Xmn I  of +/+ converts the phenotype to thalassaemia 

intermedia. Also, IVS 11-848 seems to be mild in the thalassaemia intermedia study but 

one patient has thalassaemia major. 23 patients with homozygous TVS II-l genotype 9 

had thalassaemia major. It was not possible to study these patients in more detail, as 

limited clinical information was available. It was also not possible to test for the Xmn I  

polymorphism and a-thalassaemia. Therefore, it is unclear if it was the treatment policy 

of the hospital that categorised them as thalassaemia major.

The two patients homozygous for IVS I-l 10, who had thalassaemia intermedia, also had 

coincidental a^-thalassaemia trait, although it is unclear if this is the only modifying 

factor in these patients. Again, it was not possible to study the other thalassaemia major 

homozygous patients for a^-thalassaemia trait, to make a comparative study.

3.3.3. CONCLUSION

Approximately 85% of reported thalassaemia intermedia patients in Jordan were 

included in this study, which represents a comprehensive picture of thalassaemia 

intermedia in Jordan. The most consistent factor that could be used for the prediction of 

clinical phenotypes among our thalassaemia intermedia patients is the type of p - 

thalassaemia mutation. The presence of a mild (p ^  or p^ ) genotypes, or at least one 

mild p-thalassaemia allele, is usually associated with a mild diagnosis.

The most frequent mutation among thalassaemia intermedia patients is IVS 1-6 (T->C), 

and 45% of thalassaemia intermedia patients were homozygous for IVS 1-6. This is 

followed by IVS II-l (G->A), which seems associated with both thalassaemia major 

and thalassaemia intermedia.

In the Jordanian population, thalassaemia intermedia should be suspected in cases when 

the follovsdng mutations: IVS 1-6, -30, -87, -8 8 , -90, +22 are found. If IVS II-l is found, 

test for the coinheritance of positive Xmn I polymorphism should be carried out. If this 

is negative, then the patient should be monitored carefully. Such information is very 

valuable in genetic counselling and, of course, prenatal diagnosis.
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Some thalassaemia intermedia patients were diagnosed for the first time during the 

family screening survey. Due to the high prevalence of consanguineous marriages in 

Jordan, cascade testing for extended family members would be an efficient way of 

screening as found by (Ahmed S., et al., 2002); (Goa et al., 1996).

The wide range of p-thalassaemia alleles (25) found in Jordan, represents the 

heterogeneity of the population, as a result of the diverse historical ethnicity, and the 

massive waves of political migration to the country.
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CHAPTER 4
FACTORS CONTRIBUTING TO THE CLINICAL PHENOTYPE IN IVS-1-6

HOMOZYGOUS PATIENTS

4.1. Introduction

Analysis of 107 thalassaemia intermedia patients in Jordan revealed that patients 

homozygous for the IVS 1-6 mutation accounted for 44.8% (48/107) of the total 

p-thalassaemia genotype (Chapter 3; 3.2).

This group of homogenous IVS 1-6 genotype patients represents a broad phenotypic 

range from very mild or asymptomatic, to mild, moderate, and severe. Some of these 

patients were undiagnosed 17 (37.5%), lived many years without medical intervention, 

even without any awareness of their illness. On the other hand, there were patients who 

required blood transfusion. Such a large number of patients with a pure genotype 

provide the chance to evaluate different factors contributing to the clinical heterogeneity 

of the phenotype.

The low rate of diagnosis prior to this study in part reflects the mildness of the 

homozygous IVS 1-6 phenotype relative to other intermedia syndromes; and partly 

reflects the relatively underdeveloped screening programme for thalassaemia in Jordan.

In this chapter, it has been possible to investigate a range of factors contributing to the 

clinical heterogeneity of the IVS 1-6 homozygous genotype in 48 patients. Such an 

analysis has not been undertaken previously in a large group of homozygous IVS 1-6 

patients.

4.2. Methods of classification of clinical severity:

In attempting to correlate phenotype to genotype for a disease, it is essential to have a 

consistent definition of the severity of the disease. Unfortunately, the situation is very 

complicated in thalassaemia intermedia patients.
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Previous studies have concentrated on the haemoglobin level and transfusion history of 

the patients in describing the clinical severity. Subjects in such studies were mainly 

divided into those who were transfusion dependent and those who were not, followed 

by subdividing according to their steady state haemoglobin levels and frequency of 

transfusion (Ho P.J. et al., 1998; Rund D., et al., 1997). However, the haemoglobin level 

is often not static, and can decline with age and recurrent infections, which might 

temporarily exacerbate the anaemia (Weatherall D.J., 2001). The definition and 

classification of various clinical phenotypes, in terms of the ‘severity’ of the disease, 

still remain a problem, due to the fact that there are many clinical findings contributing 

to representation of the final phenotype. A scoring system might overestimate the 

severity of the disease, due to clinical findings related to some acquired or 

environmental factors, such as the policy of treatment in some hospitals, or the nutrition 

status of the population. Other independently inherited factors might affect growth.

A further problem is that there is no universally recognised system for categorising the 

clinical picture of patients. One model, which has been developed, attempts to 

quantitate the clinical phenotype and burden of the disease (Ratip S. et al., 1995; Ho P.J. 

et al., 1997). This model uses a number of variables: such as age of presentation; age at 

the time of interview; steady state haemoglobin (Hb) level; age at first transfusion and 

the frequency of transfusion; presence of splenomegaly/ hepatomegaly; presence of 

bone changes; thalassaemic facies; growth deficiency; and general clinical status.

A similar clinical investigation has been carried out on all the Jordanian patients. Data 

were collected for the following clinical parameters: haemoglobin level at presentation; 

the haemoglobin steady state; age at first transfusion; the fi*equency and the volume of 

blood transfused; and if transfusion was stopped after splenectomy. The same examiner 

carried out all clinical investigations. M. Psiloinis was involved in evaluating the facial 

deformity; measurements of the liver and spleen size; sexual maturity; cardiac function; 

and presence of gallstones. The growth was assessed using Tanner-Whitehouse charts 

for height and weight. Other biochemical tests were included: such as liver fimction 

test; iron overload measured by serum-ferritin levels; serum erythropoietin (sEpo); and 

serum transferrin receptor (sTfR). All the data were entered into SPSS software for 

further analysis, and are summarized Annex 3,4, 5 and 6 .
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Differences in the treatment policy between various hospitals made scoring quite 

subjective. For example, some patients were categorized as moderate because they 

required more blood transfusion, or had started transfusions before the age of 4 years. 

However, the policy of some hospitals is to maintain Hb levels around 7-7.5 g/dl, 

particularly for young patients, by irregular blood transfusion every 2-3 months. 

Therefore, the score was higher, and the severity of the disease was overestimated. 

Other patients were misdiagnosed as thalassaemia major from the beginning, and were 

on regular blood transfusion for some time, with insufficient chelating leading to 

complications (e.g. ID 48), which also increased the score towards being more severe.

Based on this collected data, the patients were scored regarding their Hb steady state 

level < or > 7.5 g/dl; age at diagnosis and blood transfusion regimen; spleen condition, 

where the cut-off point was a 3cm enlargement (< or > 3cm) and splenectomy; 

thalassaemic facies (not noticed, mild in close inspection, moderate noticed, and 

severe), with growth located on the growth chart to indicate the weight and height 

centile. The scoring scheme is shown below in Table 4.1.

4.2.1. Distribution of clinical severity according to categories:

4.2.1.1. Number of patients in each category

Table 4.2 shows the clinical severity of each of the 48-homozygote IVS 1-6 patients 

studied. It can be seen that there are 18 patients classified as ‘very mild’, 19 classified as 

mild, 1 0  who were classified as moderate and only 1 who was classified as severe.

4.2.1.2. Very mild phenotype (asymptomatic):

Among the 48 patients, 18 (37.5%) were classified as very mild or asymptomatic, and 

15 were diagnosed for the first time during this study. Patients in this group were non

transfused or were transfused only once, their ages ranging from 2- 70 years with a 

mean age of 16.5 (±15 years). The mean Hb was 8 .6  (±1.1 g/dl) ranging from 7.5-11
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g/dl. A mean Hb A of 79% (± 7%) ~ 6 .8  g/dl, and a mean Hb F of 14.3% (± 8 %) -1 .2  

g/dl ranging from 1.3-30%, see Table 4.3, Fig.4.1 and Fig.4.2.

Table; 4.1. The clinical scoring given to each findings

Clinical Score
Hbg/dl Hb<7.5 2

Hb > or =7.5 0
Blood TX None 0

Once in life 1
2 or less >4 yrs 1
2 or less >4 yrs, was 2-3 X/ yr before 2
3-4X/ yr >4 yrs 2
3-4X/ yr < 4 yrs 3
>4 times/yr or monthly 3
Stopped after splenectimy 1

Spleen No enlargement 0
Slightly enlarged <3cm 1
Enlarged >3 cm 2
Splenectomy 3

Height More than 75 centile 0
50-75 centile 0
25-50 centile 1
10-25 centile 2
3-10 centile 3
<3 centile 3

Liver Normal 0
Slightly enlarged 1
Palpable 2
Enlarged 3

Gallstone Asymptomatic 0
Occasional pain 1
Painful 2
Cholecystectomy 3

Facial None 0
Mild 1
Moderate 2
Severe 3

Other clinical
Bone & joint None 0
Infection & hospital Mild 1
Cardiac Moderate 2
Active and fertility Severe 3

(SUM: Phenotype): (0-5 = v. mild); (>5-10 = Mild); (>10-15 = Moderate); (>15 = Severe).
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Table: 4.2. The final scoring given to each patients and the corresponding

ID Hbg/dl Transfusion Spleen Height Liver Gallstones Facies Other clinical SUM Phenotype
1 0 0 0 0 0 0 0 0 0 V mild
2 0 0 1 0 0 0 0 0 1 V mild
3 0 0 0 1 0 0 0 0 1 V mild
4 0 0 0 1 0 0 0 0 1 V mild
5 0 0 1 0 0 0 0 0 1 V mild
6 0 0 0 2 0 0 0 0 2 V mild
7 0 0 0 2 0 0 0 0 2 V mild
8 0 1 0 1 0 0 0 0 2 V mild
9 0 0 1 2 0 0 0 0 3 Vmild
10 0 0 0 3 0 0 0 0 3 V mild
11 0 0 0 3 0 0 0 0 3 V mild
12 0 0 0 1 0 0 1 1 3 Vmild
13 0 0 0 2 0 0 0 1 3 V mild
14 0 0 2 0 0 0 0 1 3 Vmild
15 0 1 0 0 0 0 2 0 3 Vmild
16 0 0 2 0 0 0 1 1 4 V mild
17 0 1 1 2 0 0 0 1 5 Vmild
18 0 1 3 0 0 0 1 1 6 Mild
19 0 0 1 3 0 0 1 0 5 V mild
20 2 0 1 2 0 0 1 0 6 Mild
21 2 0 1 2 0 0 1 0 6 Mild
22 2 1 1 1 0 0 1 0 6 Mild
23 2 3 2 0 0 0 1 0 8 Mild
24 2 3 0 0 0 0 1 0 6 Mild
25 0 1 3 3 0 0 0 0 7 Mild
26 0 1 3 1 0 0 1 1 7 Mild
27 0 3 0 3 0 0 1 0 7 Mild
28 0 2 2 2 0 0 1 0 7 Mild
29 2 3 1 0 0 0 1 0 7 Mild
30 2 1 1 2 1 0 1 0 8 Mild
31 0 1 2 3 0 0 0 2 8 Mild
32 2 3 2 1 0 0 2 1 11 Moderate
33 2 3 1 1 1 0 1 1 10 Mild
34 0 1 3 0 0 3 0 1 8 Mild
35 0 2 2 3 0 0 0 2 9 Mild
36 2 2 1 3 0 0 1 0 9 Mild
37 2 1 2 2 0 0 2 1 10 Mild
38 2 1 3 2 0 0 1 1 10 Mild
39 2 2 2 1 2 0 1 1 11 Moderate
40 2 3 2 3 0 0 1 1 12 Moderate
41 2 3 2 0 2 0 1 1 11 Moderate
42 2 1 3 1 2 0 1 1 11 Moderate
43 2 1 3 0 1 0 2 2 11 Moderate
44 2 2 3 3 1 1 0 2 14 Moderate
45 2 3 2 1 0 0 2 2 12 Moderate
46 2 3 2 2 1 0 1 1 12 Moderate
47 0 1 3 3 1 0 1 2 11 Moderate
48 2 3 3 0 3 3 2 3 19 Severe
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Table: 4.3. A Summary of the means and standard deviation for: age at 
diagnosis; the haemoglobin steady state level; absolute Hb A; absolute 
Hb F; and liver function test within each phenotype group.

Phenotype Age
(Year)

Age at 
diag. 

(yearr)
Hb

(g/dl)
Abs Hb 
A (g/dl)

Abs Hb 
F 

(g/dl)

%Hb
F Bilirubin T 

(u mol/1)
ALT

(ukat/1

)

AST
(ukat/1

)
Very mild Mean 16J 15.2 8 .6 6 .8 1 .2 14.3 42.6 0.13 0 .2 2

N 18 18 18 17 17 17 13 13 13
Std. Dev. 15.2 15.5 1.1 1.3 0 .6 7.8 21.7 0.049 0.1

Min 2 .0 1 .0 7.5 4.9 0.1 1.3 16.8 0.1 0.1

Max 70.0 70.0 11 .0 9.6 2.3 30 87 0.26 0.46
Mild Mean 14.6 7.4 7.3 5.6 1.3 17.8 47.2 0.27 0.31

N 19 19 19 17 17 17 14 14 14
Std. Dev. 12.4 8 .8 0 .8 0.77 0 .6 8.3 33.5 0.26 0.173
Min 2 .0 1 .0 5.7 4.1 0.5 7.9 13.5 0.03 0 .1 2

Max 48.0 39.0 8.9 6.65 2.5 31 112 0.95 0 .8

Moderate Mean 10.5 6 .0 7.0 53 1.4 18.9 48.75 0.18 0.32
N 10 10 10 10 10 10 9 9 9
Std. Dev. 8 .6 9.3 0.4 0.79 1.0 13.4 20.7 0 .11 0.095
Min 2 .0 1.0 6.4 3.8 0.4 5.2 17.5 0.09 0.18
Max 32.0 32.0 8.1 6 .2 3.0 40 77 0.4 0.5

Severe Mean 39.0 2 .0 7.2 8 8 0.95 0.73
N 1 1 1 1 1 1

Std. Dev.
Min 39.0 7.2 8 8 0.95 0.73
Max 39.0 7.2 8 8 0.95 0.73

T Bilirubin normal range: 8.5-23.9 u mol/1 
ALT normal range: up to 0.67 ukat/1
AST normal range: up to 0.67 ukat/1

A spleen size <3 cm was found in all but two patient: a 24 years old male patient (ID 

14) with a spleen size of 17 cm, and a Hb level of 9 g/dl; who had never been 

transfused; had no facial deformities or any other clinical symptoms except for a cardiac 

functional murmur; and an eighteen year old female patient (ID 16) with a spleen size of 

9 cm and a Hb level of 7.7 g/dl; who had never been transfused; had no thalassaemic 

facies or any other clinical problems. In all, fourteen patients had no thalassaemic 

facies, three had mild facies in close inspection, and one had a moderate thalassaemic 

facies.
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4.2.I.3. Mild phenotype:

Nineteen patients (39.5%) were categorised as the mild phenotype, their ages ranging 

from 2- 48 years with a mean age of 14 (± 12 years). The mean Hb level was 7.3 (± 0.85 

g/dl), the mean Hb A 76% (± 7%) ~ 6.5g/dl, and the mean Hb F was 17.7% (± 8 %) ~ 

1.3g/dl.

Five patients in this group had stopped blood transfusion after they had splenectomy. 

Four of these maintained a Hb level >7.5; their ages ranged from 18-48 yrs (they had 

splenectomy from ages 7-31 years). The fifth patient, a 14 year old who had 

splenectomy at 4 years, had a Hb level of 6 .6  g/dl (see Table 4.3, Fig.4.1 and Fig.4.2).

Eight patients were on irregular blood transfusion 2-3 times/ year, starting after the age 

of 4 years. The other remaining 6/19 patients were transfused 3-4 times/year, most 

starting blood transfusion before the age of 4 years.

4.21.4. Moderate phenotype

Ten patients (16.6%) were categorized in this group for various reasons. First, they had 

4 or more blood transfusions/year; the age they started transfusion was before the age of 

4years; and they had other complications such as a large spleen and liver. Their ages 

ranged from 2-32 years with a mean age of 11 (±9 years). The mean Hb was 7.0 (± 0.4 

g/dl), except for one male patient aged 10, who was splenectomised at 7 years of age, 

with a Hb level of 8.1 g/dl post splenectomy, but was still not growing well and with 

other clinical problems. The mean Hb A was 75 (± 13%) ~6.2g/dl, and a mean Hb F of 

19 (± 13.4%) ~ 1.35 g/dl, ranging from 5-40% see Table 4.3, Fig.4.1 and Fig.4.2.

4.2.I.5. Severe phenotype

Only one 39 year-old male patient (ID 48) has severe disease. He was diagnosed at the 

age of two years, was on regular blood transfusion until splenectomy at the age of 1 0  

years, but still required irregular blood transfusion 2-3 times/year. He had a
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haemoglobin steady state level of -7.2 g/dl, and had cholecystectomy, enlarged liver 

below the costal margin and severe thalassaemic facies.

jO
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11
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blood transfusion gr9

stopped after spiene 

ctomy
8

° 3 or more/yr7

2 or less/ yr

6
none or once

5 Total Population

V  m ild M ild M oderate severe

Phenotype

Figure: 4.1. A scatter plot illustrates the Hb findings in each clinical 
group. The mid line represents the mean.

4.21.6. Discussion.

It can be seen that total Hb is progressively less in the very mild, mild, moderate and 

severe groups (Figure 4.1). Using the non-parametric Mann Whitney U test shows that 

the Hb value is significantly lower in patients with mild and moderate phenotypes 

compared with asymptomatic patients (p < 0.0007 and < 0.0001), respectively. This is 

paralleled by decrements in absolute HbA (Figure 4.2a), which is also significantly 

lower in patients with mild and moderate phenotypes compared with asymptomatic 

patients (p < 0.004 and < 0.008), respectively. It can also be seen that there is no clear 

trend of difference in HbF between these groups (Figure 4.2 c), p= 1.0. Total bilirubin 

and AST and ALT increased with increasing phenotype severity group (Table 4.3). 

Detailed analyses of other factors associated with disease severity are described in the 

sections below.
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Figure: 4.2. A scatter plot represents (a) the absolute Hb A value, (b) the % HbA2, and (c) the absolute Hb F values among 
each phenotypic category. The mid line represents the mean of all the subjects.
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4.3. Effect of the haplotype of the P-globin gene cluster on phenotype:

4.3.1. Rationale:

The remarkable diversity in clinical severity of thalassaemia intermedia patients reflects 

both genetic and environmental factors (Weatherall D.J., 2001). Such modifiers have 

been categorized into these groups: primary, which represent different mutations in the 

P-globin gene; secondary, loci that are involved in globin synthesis; and tertiary, loci 

that are not involved in globin production but might modify the complications of the 

disease in many different ways (Weatherall D.J., 2001).

In attempting to identify different factors involved in the variation of clinical severity 

among IVS 1-6 patients, the primary modifier (P-globin mutation) was kept constant. 

Since the severity of the disease has been shown to be associated with P-globin 

haplotype (Thein SL., et al., 1987), haplotype study was performed in all the patients 

homozygous for IVS 1-6. Therefore, further analysis within the p-globin gene cluster 

was achieved to identify various RFLPs haplotypes, (for Hinc Il/s, Hind IllPy, Hind 

IIlAj, Hinc 7Ẑ 5’\j/p, Hinc /Z^’yP, Ava 72/p and Hinfl/p), and ihcXmn 7polymorphism.

4.3.2. Analysis of haplotypes:

Using the methodology described in Chapter 2, the RFLPs haplotype for each patient 

were classified according to Chapter 1 (Forget, B.G., 2001). This study revealed the

presence of four RFLPs haplotypes: VI (-  + + -------+), VII (+ ------------ +), and two

haplotypes deviated from haplotype VI: [VI a (— f- H—  + -  +)], and VII: [VII a 

(+ -------+ -  +)], where the Xmn 7 polymorphism was -/- in all of them.

A comparison between patients with those haplotypes revealed differences. 

Homozygotes for haplotype VI were associated with a milder form of the disease (i.e. 

mild or very mild); 26 (96%) showed a milder clinical phenotype. By contrast, in 

patients homozygous for haplotype VII, only 4 out of 13 (30.7%) were of the milder 

phenotypes (Table 4.4).
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Table: 4.4. List of the frequency of various haplotypes among each 
phenotype group.

Haplotype Phenotype Total
Very mild Mild Moderate Severe

VI/VI 14 . 12 1 27
VII/ VII 4 9 13
VI/VII 1 2 3
Vl/VIa 1 1 2

Vll/VIIa 2 1 3
Total 18 19 1 0 1 48

Table: 4.5. The relation between haplotype and the blood transfusion 
regimen (in 48 patients homozygous for IVS 1-6):

Blood transfusion group HAPLOTYPE Total
Vim VH/VH Others

None/ or once 14 (51.8%) 2 (15.4%) 6  (75%) 2 2 (45.8%)
2  or less/ yr 2 (7.4%) 1 (7.7%) 4 (8.3%)
3 or more/ yr 7 (25.9%) 8  (61.5%) 2 (25%) 15 (31.2)%
Stopped after splenectomy 4 (14.8%) 2 (15.4%) 7 (14.6%)
Total 27 13 8 48 (1 0 0 %)

The relationship of haplotype to frequency of blood transfusion is shown in Table 4.5. 

27 patients were carrying two copies of haplotype VI (VI/VI). Of them 59.2% were not 

transfused, or they been transfused once; and 26% had had 3 or more blood 

transfusions. While 13 patients were homozygous for haplotype VII (VIWII), of these 

only 23% were not transfused or had been transfused only once, and 62% were on more 

frequent blood transfusion.

The relationship between haplotype and a number of laboratory variables: the mean 

haemoglobin steady state level; the absolute haemoglobin A and F; and the percentage 

of both Hb A and Hb F between patients homozygous for haplotype VI and VII, is 

shown in Table 4.6. Fig 4.3 shows a graph representing the scatter distribution of Hb 

g/dl, absolute Hb A (g/dl), and Hb F (g/dl) in each haplotype. All dots are colour-coded 

according to the frequency of blood transfusion.
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Figure: 4.3. (a): represents a scatter plot of the haplotype Vs Hb g/dl, (b): 
represents the scatter distribution of the haplotype Vs Abs Hb A, and (c): 
represents the haplotype Vs Abs Hb F.

Table: 4.6. A summary for the means, St D, minimum and maximum values 
for Hb, Hb A and HB F values for patients homozygous for haplotype VI 
and VII.

Haplotype
Hb
g/dl

HbA
%

Abs HbA 
g/dl

HbF
%

Abs Hb F 
g/dl

VI/ VI Mean 8 .1 77.4 6 .6 16 1.3
N 27 24 24 24 24
Std. Deviation 1.1 7.4 1.26 8 0 .6

Minimum 6 .6 64.3 4.5 1.3 O.I
Maximum 11 92.2 9.6 30 2.3

VII/ VII Mean 7.2 76.6 5.5 17.8 1.3
N 13 13 13 13 13
Std. Deviation 0.57 10.5 0.64 1 1 .2 0.9
Minimum 6.4 57 4.3 5.2 0.36
Maximum 8.4 88.7 6 .2 36.8 2.98
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Table: 4.7. Comparing haplotype VI and YU among non-transfused 
homozygous 1 -6  patients.

Haplotype
Hb
e/dl

Abs Hb A 
g/dl

Abs Hb F 
g/dl

VF VI Mean 8.4 6 .6 1 .2

N 18 18 18
Std. Deviation 1.2 1.3 0 .6

Minimum 6 .6 4.95 0.1

Maximum 1 1 .0 9.57 2.3
VH/VH Mean 7.2 5.4 1.4

N 5 5 5
Std. Deviation 0.5 0 .8 1.1

Minimum 6 .8 4.4 0.5
Maximum 8.1 6 .0 3.0

The mean steady state Hb level was 8.1 (±1.1 g/dl) among patients with haplotype 

VI/VI: higher than the mean value among patients with haplotype VII/VII 7(± 0.57 

g/dl). Using the non-parametric Mann Whitney U test, the p value was significant (p 

two tailed =0.0019). The absolute HbA levels in patients who carry two copies of 

haplotype VI was 6 .6  (± 1.26 g/dl) higher than those who have two copies of haplotype 

VII 5.5 (± 0.63 g/dl), with significant p value (p two tailed =0.022).

In order to eliminate any misinterpretation relating to blood transfusion, 23 non- 

transfiised patients were compared (see Table 4.7). The haemoglobin level was 

8.4((±1.2 g/dl) and 7.2(±1.6 g/dl) among patients homozygous for haplotype VI and VII 

respectively, with significant p value (p two tailed = 0.0019). The absolute Hb A levels 

in patients who carry two copies of haplotype VI was 6.6(±1.3 g/dl) which is higher 

than those who have two copies of haplotype VII 5.4 (± 0.8 g/dl), with significant p 

value (p two tailed = 0.0048). There was no significant difference in absolute Hb F 

levels 1.2 ± 0.6 g/dl (VI/VI) and 1.4 ± 1.1 g/dl (VII/VII): p value (two tailed) was 

(1 .0 0 0 ), suggesting that the major contributing factor in determining the severity is 

absolute Hb A rather than Hb F in these patients.

The findings in this section are helpful because it is possible to dissociate the effect of 

haplotype from those of Xmn I as all patients are Xmn I -/-. In previous studies, the 

RFLP haplotypes IV, VI and VII were described in 29 Portuguese patients homozygous
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for IVS 1-6. Haplotype IV was linked to the positive Xmn I, and high Hb F. Among 

those patients, no differences were found between the low and high Hb F-producing in 

haplotype VI and VII chromosomes, suggesting that the major role factors in mediating 

y-globin gene expression are not linked to the p-globin gene cluster in this type of 

mutation (Efremov DG., et al., 1994a).

Another haplotype study among Israeli homozygous IVS 1-6 patients showed a strong 

linkage between this mutation and haplotype VI, but patients did not uniformly correlate 

with a mild phenotype. However, only one family was found with haplotype VII with a 

relatively severe phenotype, suggesting that haplotype VI is associated with the milder 

phenotype (Rund D. et al., 1997). Where the IVS 1-6 mutation in the Palestinian 

population accoimts for half (66/136) of the thalassaemia intermedia patients, it was 

associated with haplotype VI with variable phenotype (El-Latif M., et al., 2002). 

However, this study shows that this group of patients homozygous for haplotype VI 

were associated with a milder form of the disease.

4.4. Effect of co-inheritance of a-thalassaemia on clinical phenotype:

The co-inheritance of different a-thalassaemia determinants may have a significant 

ameliorating factor on homozygous or compound heterozygous p°-thalassaemia. Such 

findings were reported in Cypriot patients (Waincoast et al., 1983), and can convert the 

severe form of p^-thalassaemia into milder, non-transfusion dependent disease 

(Weatherall D.J., 2001); (Ho P.J., 1998). However, because IVS 1-6 is a mild p- 

mutation, it might be predicted that a-thalassaemia interactions have a less marked 

clinical impact than with severe P-mutations.

In this study, the frequency of a-thalassaemia determinants among IVS 1-6 patients was 

too low to evaluate its phenotypic impact. Out of the 48 patients, only 5 have inherited 

a deletional form of a^ thalassaemia (Family 1 and family 10). The type of deletion and 

the effect of the a  thalassaemia genotype on the mean Hb, absolute Hb A and Hb F are 

summarized in Table 4.8.
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Table: 4.8. A comparison between the mean Hb, absolute Hb A, Hb F, 
and other biochemical findings within family members with and without 
a a-gene deletion (Family 1 and family 10).

Age Abs Abs Bilirubin ALT AST S Ferritin sEpo sTfR

Diagn. Hb H bA H bF T

Alpha Fam 1 years g/dl g/dl g/dl Umol/1 Ukat/1 Ukat/1 ng/ml mlU/ml mg/1

axxJaxL Mean 5 7.6 5 2.2 52 0.14 0.26 390 72.1 20.1
N 1 1 1 1 1 1 1 1 1 1

ao/4.2a Mean 5.5 9.4 7.9 0.7 25.4 0.125 0.25 38 30.5 5.5
N 2 2 2 2 2 2 2 2 2 2
Std. D. 2 0.5 0.68 0.3 12 0.035 0.07 11.7 1.74 0.88
Min 4.0 9.0 7.44 0.5 16 0.1 0.2 29.8 29.25 4.88
Max 7.0 9.7 8.4 0.9 34 0.15 0.3 46.4 31.7 6.13

Alpha Fam 10
a o /a a Mean 8.0 8.9 7.8 1.7 91 0.5 0.35 206.8 170.5 7.3

N 1 1 1 1 11 1 1 1 1 1
aa/3.7a Mean 39.7 9.8 8.3 0.6 23 0.1 0.23 136 44.6 3.1

N 3 3 3 3 1 1 1 1 1 1
Std. D. 26.4 2.0 1.8 0.5
Min 22.0 7.5 6.9 0.1
Max 70.0 11.0 9.57 1.1

These findings show that, even though the number is too small to draw definite 

conclusions regarding the whole population of TVS 1-6 patients, it was found that, 

within a family, those who had inherited the deleted a^-gene had a higher haemoglobin 

level, higher absolute Hb A value and lower absolute Hb F. this indicates less anaemia, 

and showed that they also have a lower serum ferritin, serum Epo and serum transferrin 

receptor (Table 4.8). Consequently, these patients had never come to medical attention 

before and were diagnosed during this study.

4.5. Factors affecting variability in y-chain production and its effect on 

phenotype:

4.5.1. Theoretical considerations:

The synthesis of Hb F is restricted to a subpopulation of erythrocytes defined as F cells 

(Boyer SH., et al., 1975 a) there is generally a good correlation between the amount of 

Hb F and the number of F cells (Miyoshi K. et al., 1988). Elevated y-globin chain
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production decreases the imbalance in aJ non-a ratio, resulting in a selective 

prolongation of red cell survival favouring cells with increased Hb F content 

(Weatherall DJ. & Clegg JB., 1981).

HbF production has been found to be influenced by several genetic modifiers, including 

both linked cw-acting elements: such as a common sequence variation (T-> C) at 

position 158 upstream from the ^y-globin gene, which is detected by the restriction 

enzyme Xmn I  (Gilman and Huisman 1985); and un-linked /raw^-acting elements to the 

p-globin gene (Gamer C., et al., 2000). Age was found to influence Hb F/ F cell, with 

levels decreasing as one becomes older (Rutland et al., 1983); and gender, where 

women generally have higher levels than men (Miyoshi et al., 1988). Other /ra«5 -acting 

elements located on chromosome X (Dover et al., 1992) and the q arm of chromosome 6  

can also alter Hb F levels (Craig JE. et al., 1996). F-modifying factors are discussed in 

more detail in Chapter 1 (section 1.13).

4.5.2. Effects of Xmn I polymorphism on Hb F variability:

The Xmn I polymorphism was (-/-) in all the patients. Thus, the Xmn I  polymorphism 

had no influence in increasing the Hb F levels in these patients, or in ameliorating the 

disease process. A positive Xmn I polymorphism previously was found to be strongly 

linked to haplotype IV rather than haplotype VI within homozygous IVS 1-6 patients of 

Portuguese, Sicilian and Turkish origin (Efremov DJ., et al., 1994a). However, in this 

study, none of the patients had haplotype IV or positive Xmn I polymorphism.

4.5.3. Relationship of Hb F variability age and gender.

4.5 3.1. Hb F and gender:

Among all homozygous IVS 1-6 patients (n=48), the mean Hb F was 17(± 9 %) with 

ranges from 1.3-40%, and the mean absolute Hb F of 1.3(± 0.7 g/dl). There was a small 

difference between male (n=23) and female (n=21) patients, with the % Hb F in males
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18 (± 9%), and females 16 (± 9%), respectively and absolute Hb F 1.4(± 0.7 g/dl) in 

males and 1.2(± 0.7 g/dl) in females. However this difference is not significant.

4.5.3 2. Hb F and age:

Hb F levels (HbF%) correlate inversely with age: r = -0.33, P <0.015. In this analysis, 

the youngest patients was 2 years old with 25% HbF. As HbF declines rapidly after 

birth reaching 10 to 15% by 4 months of age and stabilising below 1% in normal adults, 

the presence of HbF among these patients represents a late falls in HbF% in 

thalassaemia intermedia patients. This inverse correlation between HbF and age appears 

more pronounced if patients are divided into those with high %HbF (>20%) and those 

with low %HbF (<20%), the effect of age on %HbF see Fig 4.4.
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Figure: 4.4. Hb F levels were correlated inversely with age: r = -0.33 (P
<0.015), which was more significant among patients within the same Hb
F group > 20% (r = -0.47, n = 15) and < 20% (r = -0.46, n = 30).

However, in this study, the relationship is not derived from sequential data of the same 

patients, and, therefore, could result from other factors. Interestingly, a 70 year-old 

patient was the oldest in this group with the lowest %HbF (1.3%); and two patients

were present with HbF percentage of 5.2 & 5.4%. Their ages were 7 and 14 years old.

Thus, such correlation with age represents a delay of switching from y-globin to 

globin production in thalassaemia intermedia patients.
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The decline of Hb F levels with age has been found in normal individuals (Rutland PC., 

et al., 1983); in sickle cell disease (Morris J. et al., 1991); and in Hb E/ p-thalassaemia ( 

Rees DC., et al., 1999).

4.5.4. Relationship between Hb F and Hb A

4.5.4.I. Results

Interestingly, no significant correlation was found between Hb (g/dl) levels and %Hb F 

(r = -0.2 with very low significance P< 0.18), and was actually inversely correlated: see 

Fig 4.5 a. Similarly, no correlation was seen between the Hb levels and absolute Hb F 

value: see Fig 4.5 b. These findings contradict the published data of a study among 

Indian patients with Hb E/ p-thalassaemia, which show that there is a significant 

positive correlation between the total haemoglobin level and %Hb F, indicating that the 

increased capacity to make Hb F should lessen the severity of the disease (Rees DC., et 

al., 1999).

There was a strong linear correlation between absolute Hb A, and the Hb levels (r = 

0.86, P<0.0001), see Fig 4.5c. This provides evidence that within IVS 1-6 mutations, the 

presence of high amounts of Hb A is the main factor contributing to an increase in the 

Hb levels rather than Hb F; and in decreasing the degree of anaemia. On the other hand, 

a strong inverse correlation between absolute Hb A and absolute Hb F levels was found 

r = -0.68, P<0.0001), and between % Hb F and % Hb A2 (r = -0.58, P< 0.0004), see 

Fig 4.6.
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Figure: 4.5. (a) Shows a slight but insignificant inverse correlation between Hb levels and the %Hb F (r= -0.2, P=0.18), (b)
shows no correlation between absolute Hb F and the Hb levels, (c) shows a strong linear correlation between absolute Hb A 
and the Hb levels (r = 0.86, P <0.0001).
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Figure: 4.6. (a) Represents a strong inverse correlation between absolute
Hb A and absolute Hb F was found (r = 0.68, P<0.0001), (b) and 
between %Hb F and %Hb A2 levels (r= -0.58, P< 0.0004)

4.5 4.2. Discussion

Homozygous IVS 1-6 (T->C) was first reported among Portuguese patients with a wide 

range of clinical severity; and was characterized by low levels of Hb F: less than 20%, 

indicating only a mild defect in beta globin production. (Tamagnini GP., et al., 1983). 

This mutation represents at the (donor) consensus sequence side, resulting in a partial 

block of normal mRNA splicing, and associated with a particularly mild clinical 

phenotype due to a relatively high level of normal mRNA splicing. (Forget BG., 2001).

Our data show that the absolute value of both Hb A and Hb F are inversely correlated, 

suggesting a reciprocal relationship between y and p-globin production. This suggests 

that an increased production of the y-globin gene is a response of the decreased 

production in the p-globin gene. Similarly, Dover & Boyer (1987) reported that the 

reciprocal regulation between HbA and HbF exists within F cells from normal 

individuals and those with SS anaemia, p^-thalassaemia, or congenital anaemia.
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However, the fact that IVS 1-6 is a milder mutation with relatively high levels of beta 

globin mRNA, indicates that the increased capacity to produce Hb A is the main factor 

in lessening the severity of the disease, rather than Hb F production. This was 

confirmed by the strong positive correlation between the total Hb value and absolute Hb 

A; and the absence of significant correlation between the total Hb value and both the 

%Hb F and absolute Hb F.

The inverse correlation between the %HbF and %HbA2 could reflects the competition 

between the adult and fetal globin genes for cw-regulatory elements such as the LCR 

(Efremov DG., et al., 1994).

4.5.5. Relationship of F cell% to survive beyond the reticulocyte stage (Enrichment 

ratio, ER):

4.5.5.I. Rationale

A key question that arose from the lack of correlation between total Hb and either 

absolute HbF or % HbF was whether HbF provides a significant survival advantage for 

red cells in patients with homozygous IVS 1-6. In order to address this question, a 

methodology developed at UCL (Mundee PhD, 2001) was used to quantitate F cell and 

F reticulocytes by flow cytometry. If HbF provides a survival advantage for young red 

cells in these patients, the proportion of F positive cells surviving beyond the 

reticulocyte stage will be greater than the proportion of F negative cells surviving 

beyond the reticulocyte stage.

In order to compare the effect of HbF on cells beyond the reticulocyte stage, the concept 

of the enrichment ratio (ER) was developed by Dr Y. Mundee. The enrichment ratio 

(ER) is derived by dividing the percentage of mature F cells (F^ erythrocytes) divided 

by the percentage of F  ̂ reticulocytes. If Hb F has no effect on survival beyond the 

reticulocyte stage, then the ratio of F erythrocyte cells to F reticulocyte (enrichment 

ratio) will be 1. Dr Mundee has previously shown that F cells had a survival advantage 

over F negative cells in patients with sickle cell disease using this ratio (Mundee Y. et 

al., 2 0 0 0 ).
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This measurement was achieved by using flow cytometry [Coulter Epics XL-MCL], F 

cells were labelled using anti-Hb F conjugate TC (MoAB-HbF-FITC), and reticulocyte 

mRNA was stained with Thiazol Orange (TO). Further details regarding different 

preparations, and method standardizing, has been discussed in Chapter 2. The 

enrichment ratio was calculated according to the following formula:

ER= Number of F  ̂mature red cells/ total number of mature red cells 

Number of F  ̂reticulocyte/ total number of reticulocytes.

Or ER= % F mature

% F reticulocyte

The value of Hb F/ F cell was calculated by the following formula (Maier-Redelsperger 

et al., 1994): [Hb F/ F cell= MCH x % Hb F/ % F+ cells], where MCH is the mean cell 

haemoglobin.

4.5.S.2. Results

F cells, reticulocytes, and F  ̂ reticulocytes were measured among 25 non-transfused 

homozygous IVS 1-6 patients and the enrichment ratio derived. Results, together with 

other haematological data, are shown in Annex 7.

The mean F cell percentage was 34.6(±15%) ranging from 11-70%, compared to the 

proportion of F cells in normal adults of approximately (1-7%) (Wood et al., 1975; 

Rochette et al., 1994; Thrope et al., 1994). The mean reticulocyte percentage was 

5.4(±6%) ranging from 1-21% the peripheral blood in normal adults is generally less 

than 2% reticulocytes; and the mean Hb F/ F cell was 6 .8  (± 1.4 pg/ cell) ranging from 

4.3-10.4 pg/ cell, which has been estimated to be approximately 5 pg/ cell in normal 

healthy individuals (Dover & Boyer 1981).

As expected, a linear correlation was found between %HbF and F-cells (r = 0.89, 

P<0.0001): see (Fig. 4.7a). Similar findings have been shown among sickle patients, 

which means levels of Hb F/ F+ cells remain almost constant (Mundee Y. et al,, 2000);
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(Dacie & Lewis, 1991). Also, a linear correlation was found between absolute F cell and 

absolute Hb F (r = 0.92, p <0.0001) (Fig. 4.7c). Interestingly, a significant inverse 

correlation was found between the percentage of F^-cells and absolute Hb A (r = -0.5, p 

= 0.01), and between Hb F/ F-cell and absolute Hb A (r = -  0.5, p = 0.01), where p is 

significant at the 0.05 level: see Fig. 4.8 (c&d). There was no significant correlation 

between the total haemoglobin levels and both the percentage and the F cell (r = 0.09; 

p= 0.66) or with the absolute F cell count (r = -0.17, p= 0.4) see Fig. 4.8 (a&b).

A surprising finding is that the mean Enrichment ratio (ER) for IVS 1-6 patients does 

not deviate significantly fi’om 1.0 (ranging firom 0.9-1.1). This indicates no preferential 

survival for red cells containing Hb F (F^-cell) beyond the reticulocyte stage, compared 

with non-F cells (F" cells). The enrichment ratio (ER) was found to be close to one, as 

expected in 29 healthy controls (Table 4.9) indicating that F^-cells do not have any 

survival advantage in normal individuals, in agreement with previous findings: (Dover 

GJ., et al. 1978a); ( Dover GJ et al., 1978b).

As a positive control, ER was evaluated in 15 patients with sickle cell anaemia (SS). 

Comparison of the ER in controls, HbSS and homozygous IVS 1-6 are summarized in 

Table 4.9 and Figure 4.9. It can be seen that, in contrast to controls and homozygous 

IVS 1-6 subjects, the ER for HbSS is close to 2, suggesting a survival advantage of F 

positive cells in HbSS, consistent with the findings of Mundee (Mundee, 2002).
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Figure: 4.7. (a) Shows a linear correlation between %Hb F and F cell (r = 0.89, P <0.0001); (b) shows a linear correlation
between % HbF and Hb/F cell (r= 0.8, P < 0.0001); (c) represents a linear correlation between abs Hb F (g/dl) and absolute 
F cell (lO'^/l) (r = 0.9, P< 0.0001).
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the absolute Hb A and the percentage of F cells (r = - 0.45, two tailed p=0.01, p is significant at the 0.05 level two tailed), 
and (d) represents an inverse correlation between the absolute Hb A and value of Hb F/ F cell (pg/cell) (r = -0.46, two tailed 
p=0.01, p is significant at the 0.05 level two tailed).
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Figure: 4.9. Scatter plot representing a comparison between the mean ER 
for normal control samples, sickle cell anaemia, and homozygous IVS I- 
6 patients.

Table: 4.9. Enrichment Ratio values in homozygous IVS 1-6 compared 
with sickle cell anaemia and normal individuals.

Diagnosis ER ER ER

(Total 71) N Mean Std. Deviation Minimum Maximum

Normal control 29 0.99 0.059 0.90 1.19

Sickle cell anaemia (SS) 15 1.91 0.569 1.42 3.85

Homozygous IVS 1-6 27 1.01 0.031 0.94 1.08

4.5.S.3. Discussion

In this section, it is clear that there is a reciprocal relationship between absolute Hb A 

and Hb F values. There is also an inverse correlation between the absolute Hb A and 

absolute F cell number, and between absolute Hb A and Hb F/ F cell.

If  Hb F has no survival advantage for red cells, then a reciprocal relationship between 

Hb F and Hb A would be predicted, as the selection o f Hb F cells in developing red cell 

progenitors would then be determined by the stress o f the bone marrow. In normal red 

cell development, both F cell and A cells (F'cell) are produced by single stem cell clone 

(Stamatoyannopoulos & Nienhuis, 1994), and Hb switching represents changes in
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transcriptional environments (transcription factors). Early progenitors encode a 

programme allowing expression of fetal globin genes, but this programme is switched to 

one allowing only adult globin expression during the downstream differentiation of 

erythroid progenitor cells (Papayuannopoulou et al., 1977; 1979). It is thought that the 

kinetics of erythroid regeneration influence whether a cell will become an F cell or an A 

cell. When there is increased erythropoietic stress, progenitors become committed 

prematurely and more F cells are produced (Stamatoyannopoulos & Papayuannopoulou, 

1979). Thus the inverse relationship of Hb A and HbF in the IVS-1-6 patients could 

represent increased erythropoietin drive to the marrow in patients with lower Hb A 

production with a compensatory increase in Hb F. Only if Hb F increments have 

survival advantages, would there be a positive correlation between Hb F and total Hb 

observed. This suggests that, in this population, Hb F values are determined by response 

to anaemia rather than primary genetic factors affecting Hb F.

The findings with the HR in IVS 1-6- patients are consistent with the idea that Hb F has 

no survival advantage in early red cells in this population of patients. It is possible that, 

as the ER only looks at the proportion of F mature cells to F cells at the reticulocyte 

stage, the survival advantage of F containing cells occurs at a later stage than the 

reticulocyte. However, the previously mentioned findings of the relationship between 

Hb A and Hb F would suggest that this explanation is unlikely. The lack of a survival 

advantage of F cells in IVS 1-6 homozygotes contrasts with the clear advantage 

demonstrated in sickle cell disease where the ER is approximately 2 (Figure 4.9).

It is not clear why Hb F containing cells do not have a survival advantage in 

homozygote IVS 1-6. It is possible that the alpha to non-alpha ratio is not sufficiently 

imbalanced (due to high residual beta globin production) in homozygote IVS 1-6 to 

provide a significant survival advantage to F cells in these patients. It is also possible 

that the amount of Hb F produced in these patients is insufficient to provide a survival 

advantage. In this regard, it may be relevant that the Hb F/ F cell (range 4.3-10.4 

pg/cell mean = 6 .8  ±1.4 pg/cell) was within the normal ranges (4-10 pg/cell). A search 

of the literature did not uncover a publication where the alpha / non-alpha ration was 

examined in homozygous IVS 1-6 patients. It would be of interest to investigate in the 

future exactly what this imbalance is, and how gamma production in this group of 

patients affects the overall alpha to non-alpha ratio.
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The findings in this section suggest that F promoting agents are unlikely to be of benefit 

in improving total Hb values in homozygote IVS 1-6.

4.5.6. Relationship between F-cell and haplotype:

In a subset of the total patient group, F cells, F reties, and ER were compared in the 

different haplotypes. The number of patients with haplotype VH (n =4) was low 

compared with haplotype VI (n = 16); therefore, no precise conclusions can be drawn 

about differences between these haplotypes. As noted in section 4.7 with a larger group 

of patients, several findings indicate that haplotype VI is associated with the milder 

form of the disease: Hb and absolute Hb A being higher in haplotype VI than in 

haplotype VII. With respect to Hb F, haplotype VII has slightly higher F cell 

percentage, F  ̂ reties, and absolute Hb F/ F cell value than haplotype VI (see Table 

4.10).

Table: 4.10. Comparison between the mean F cell, F+ reticulocyte and Hb 
F/ F cell value among haplotype VI and VII (25 non-transfused 
homozygotes FVS 1-6 patients).

Haplotype Hb
(g/dl)

Abs Hb A 
(g/dl)

Reties
%

F cell
%

F  ̂reties 
%

ER H bF /F cell 
(pg)

VI/VI Mean 8 .1 6.7 6.74 36.87 36.23 1 .0 1 6.93
N 16 16 16 16 16 16 16
Std. Dev. 0 .8 1 .0 6.85 14.44 13.74 0.04 1.40
Min. 6 .6 5.4 1.39 11.15 11.13 0.94 4.35
Max. 9.7 9.2 21.39 59.08 58.72 1.08 10.38

vn/vn Mean 7.2 5.9 4.79 39.16 39.05 1 .0 0 7.49
N 4 4 4 4 4 4 4
Std. Dev. 0 .6 0.5 6 .1 0 20.93 20.54 0 .0 1 1.57
Min. 6 .8 5.1 1 .1 2 24.15 24.56 0.98 5.81
Max. 8.1 6.3 13.90 69.68 69.05 l.OI 9.60

The ER is essentially the same for haplotype VI and VII. These findings do not suggest 

that Hb F production is the reason for the milder haplotype of VI than VII. Indeed the 

milder haplotype VI appears to be associated with a lower F cell and Hb F/ F-cell, lower 

Hb F; and is also associated with the milder phenotypes described in section 4.6.4 and

4.3 (Figure 4.2c).
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4.5.7. Relationship between F-cells and clinical phenotype:

Information about the percentage of F cell and Hb F/ F cell in each category is 

summarized in Table 4.11 and shown in Fig. 1.10. There were no significant differences 

between the three categories, although there was a trend towards a higher percentage of 

F cell, and Hb F/ F cell with increased clinical severity.
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Figure: 4.10. Scatter plot shows the percentage of F cell and Hb F/ F cell in each 
phenotype.

4.5.8. Hb F and F cell diversity within the same family:

Another approach to examining the effect of Hb F on phenotype is to examine this 

relationship within a single family.

Differences in the %HbF, F cell, and Hb F/ F cell value were noticed between 

individuals from the same family all of them were homozygotes for IVS 1-6. A through 

inspection within each family showed the following:
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Table: 4.11. A comparison between the mean F cell, reticulocyte and 
Hb F/ F cell value among groups with different clinical phenotypes

Phenotype Reties
%

F cell
%

reties
%

ER HbF/FeeU 
pg/ cell

Very mild Mean 2.47 31.96 31.87 1 .0 0 6.74
N 11 11 11 11 11

Std. Dev. 1.07 13.74 13.58 0.03 1.19
Min. 1.01 11.57 11.74 0.94 4.25
Max. 4.83 59.08 58.72 1.06 7.77

Mild Mean 8.92 35.69 34.49 1.03 6.55
N 10 10 10 10 10

Std. Dev. 7.97 14.63 13.71 0.03 1 .68

Min. 1 .1 2 11.15 11.13 1 .0 0 4.35
Max. 21.39 51.15 48.00 1.08 10.38

Moderate Mean 4.79 39.16 39.05 1 .0 0 7.49
N 4 4 4 4 4
Std. Dev. 6 .1 0 20.93 20.54 0 .0 1 1.57
Min. 1 .1 2 24.15 24.56 0.98 5.81
Max. 13.90 69.68 69.05 1.01 9.60

Family 1:

Three sisters were present in family (1): the proband ID 35 was reported as a 

thalassaemia intermedia patient; the other two siblings were diagnosed during this 

study. The genetic analysis study revealed that both sisters (ID I and 2) had inherited 

the - a  globin gene deletion, the mean Hb level was 8.3 g/dl, and the mean Hb F was 

7.5%. They were found to have the milder form of the disease and were categorized as 

asymptomatic or very mild in this study.

On the other hand, the proband did not inherit the a-deletion; she was more 

symptomatic, her Hb level was 7.6 g/dl, and the Hb F was 29%. Hb F, F cells and the 

Hb F/F cell values were significantly higher in the proband compared to the other two 

sisters. This indicates that co-inheritance of a-thalassaemia deletion results in lower 

o/non a-chain imbalance, and a lower y-chain production in terms of F cells, Hb F, and 

Hb F/F cell. Consequently, the high Hb F production within a family can be associated 

with the severe form and not as an ameliorating factor.
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Figure: 4.11. Family-1: ID 1 & ID 2 co-inherited the a-thalassaemia 
deletion, they have higher Hb levels and higher absolute H A than their 
sibling, ID 35, who was more anaemic with higher percentage of Hb F, 
% F cell and in % Hb F/ F cell.

Family 24

Two sisters present in family (24); the proband (ID 16) a 17 year-old female was 

reported as a thalassaemia intermedia patient, with Hb level of 7.7g/dl, Hb F of 11%, F 

cells 28.2% and Hb F/ F cell 7.2 pg/ cell. On the other hand, a 13 year-old sister was 

diagnosed during this study (ID 12), with Hb level of 9.4g/dl, Hb F of 7.1%, F cell 

18.3% and Hb F/ F cell was 6.2 pg/ cell (see Fig 4.12). They both had a very mild 

phenotype and were non-transfusion dependent.

Family 2,5, and 10

Six patients were represented in one extended family. All patients were first cousins 

(see the pedigree in Chapter 3.2). Table 4.13 and Fig 4.12 summarise the findings in 

each individual.
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Table: 4.12. Comparing the haematological, F cell, Hb F/F cell, and 
clinical findings in an extended family (Fam 2,5 &10). The proband is
given a * symbol.

ID & Fam. Age & Sex 
year

Hb
g/dl

H b F
%

F cell
%

Hb F/F cell 
p g / cell

Phenotype Spleen

ID 6 Fam. 5 8 yrs -F 7.9 16.6 30.1 7.2 Very mild Normal

ID 10 Fam. 5 9 yrs -F 7.9 13.7 30.3 7.6 Very mild Normal
ID 19 Fam. 5 15 yrs -M 7.9 12 26.6 6.3 Mild +2cm

ID 18* Fam. 5 18 yrs -M 7.8 17.5 45 6.8 Mild Splenectomy

ID 25* Fam. 10 24 yrs -M 8.9 19.1 50.25 7.5 Mild Splenectomy

ID 31* Fam. 2 11 yrs-F 8.4 20.9 47.65 6.3 Mild +7cm

family 24 ID 12 
ID 16

25

20

F cell % Hb F Hb F/Fcell Hb abs Hb A

ID 10ID 6
family 2, 5, & 10

ID 18 ID 19

ID 25 ID 31

F cell % Hb F Hb F/Fcell abs Hb AHb

Figure: 4.12. (a) Represent the differences between two siblings in Family 24, the 
proband has a higher Hb F and F cell value, (b) Family 2, 5, 10 
represents a one large extended family, patients ID 18, 25, 31 are the TI 
patients reported, the others were diagnosed during this study.
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4.5.8.I. Discussion

The co-inheritance of a^-thalassaemia in family 1 reduces the imbalance between a -/  

non a-globin ratio. Therefore, the proband who did not inherit the a  variant had higher 

F cell, HbF and HbF/ F cell concentration, in order to compensate for the p-globin 

production, and did not account for reducing the severity of the disease. Similarly the 

probands in the other families (24, 2,5, and 10) were present with higher F cell, Hb F 

percentage and HbF/ F cell concentration than the asymptomatic ones, and were not 

critical for maintaining a higher level of total Hb and reducing the anaemia. Such 

findings provide further evidence that the increased production of HbF and F cells 

resulted fi-om the reciprocal relationship with absolute HbA to reduce the imbalance 

between a  to non a-globin production and does not contribute to ameliorating the 

severity of the disease among homozygous IVS 1-6 patients.

4.5.9. Conclusions

This was the first study to evaluate the impact of HbF in ameliorating the disease among 

thalassaemia intermedia patients homozygous for IVS 1-6. In this study HbF values 

were reduced with age, there was no significant difference between males and females, 

and %HbF did not account for the high Hb levels.

However, high absolute HbA strongly correlated with high Hb levels, indicating that the 

higher the absolute HbA, the less anaemic the patient is.

High HbF was found to correlate with low absolute HbA, keeping the balance between 

o/non a-chain products. This was related to higher F cell percentage and higher levels 

of Hb F/ F cell, but not a result of prolonged survival of F cell beyond the reticulocyte 

stage, since the enrichment ratio was equal to one.

All findings were consistent with HbF production not being critical to high absolute Hb 

or mild clinical phenotype in homozygous IVS 1-6 whereas, the family data indicates 

that the higher HbF production was associated with more symptomatic patients. 

Similarly, the haplotype study shows that high HbF production was associated with the 

severe haplotype VII.
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4.6. Relevance of sTfR and sEpo to disease severity in homozygous IVS-1-6

4.6.1. Rationale

With worsening clinical phenotypes, there is generally worsening anaemia, as shown in 

section 4.3. This anaemia is predicted to stimulate erythropoietin production in the 

kidneys, which, in turn stimulates erythropoiesis and bone marrow expansion. In this 

chapter, the relationship between anaemia, erythropoietin (sEpo) and markers of 

marrow expansion are examined. Transferrin receptors (sTfR), and thalassaemic facies 

are assessed as markers of marrow expansion. Other variables examined in relation to 

serum erythropoietin (sEpo) are serum ferritin and spleen size.

The expansion of erythropoiesis resulting from increased erythropoietin (sEpo) drive, 

secondary to chronic anaemia, was recognized as the most important determinant of the 

phenotypic expression of thalassaemia intermedia (Galanello R., et al., 1994). Serum 

transferrin receptor (sTfR) levels have also been shown to reflect erythroid marrow 

activity in thalassaemia syndromes, and can be used in monitoring the degree of 

erythropoiesis (Cazzola et al., 1995). The transferrin receptor is a transmembrane 

glycoprotein that is expressed primarily on the surface of erythroid cells, but also on the 

cell membrane of most proliferating cell types (usually in S phase). Iron is delivered to 

cells by the binding of transferring to receptor with internalisation of transferring 

through receptor-mediated endocytosis (Hamilton TA. Et al., 1979; Liebman A., Aisen 

P., 1977). Diferric transferrin is endocytosed and transferred to acidosomes, in which 

inorganic iron is released into the cytosol and remaining ligand and receptor is recycled 

back to the cell surface (Van Reswounde J., et al., 1982). During this recycling process, 

a truncated form of the receptor is present in soluble form circulated in the serum (Pan 

BT., et al., 1983; Kohgo Y., et al., 1986; Kohgo Y., et al., 1987). The plasma levels of 

receptor increase with erythroid mass.

4.6.2. sTfR and sEpo levels in Homozygotes FVS 1-6 compared to control values

Among all patients homozygous for IVS 1-6, the mean serum transferrin receptors 

(sTfR) was 11± 7 mg/1 (n = 34), ranging from 2.3- 32.5 mg/1, compared to a reported 

normal adult range of 1-3.8 mg/1 using the same assay procedure (Immunoturbudimetric 

assay; IdeA® sTfR-IT: Orion Diagnostica). The mean sEpo was 125 ± 99 mlU/ml (n =
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35), ranging from 12.5- 421.4 mlU/ml, compared to a quoted normal range of 3.3-16.6 

mlU/ml (Enzyme linked immunosorbent assay; ELISA: R&D System).

Thus sTfR and sEpo are raised in nearly all patients with IVS 1-6 sometimes as much as 

10 times the upper limit of normal for sTfR and over 20 times for sEpo. The vast range 

for such data indicates the clinical heterogeneity among this group of patients: ranging 

from asymptomatic patients with lower haemolysis resulting in lower serum ferritin and 

bilirubin, lower erythroid expansion indicated by lower sTfR and sEpo; to mild 

moderate and severe patients with various degrees of erythroid expansion, haemolysis, 

and improper management in some patients.

There was no significant correlation between the age of the patients and the sEpo (a 

very weak inverse correlation were estimated with r = -0.06, p = 0.733), and with sTfR 

(a very weak linear correlation r = 0.239, P = 0.174), (Data not shown).

Analyses of the different factors associated with variability in sTfR and sEpo levels are 

examined in the following sections.

4.6.3. sTfR and sEpo in relation to p-gene haplotype:

A comparison between sTfR and sEpo in the different p-haplotypes revealed that the 

mean sTfR and sEpo of patients with haplotype VI was lower than those with haplotype 

Vn see (Fig.4.13 a&b), (mean sTfR 10± 6  and 14± 10 mg/1), (mean sEpo was 98.7± 70 

and 154+120 mlU/ml).

This is consistent with the previous observation that haplotype VI is associated with the 

milder clinical form of the disease, but did not reach statistical significance (p=0 .6 8  for 

sTfR and p=0.6 for sEpo).
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Figure: 4.13. The following scatter plots represent the distribution between 
(a) the sTfR and p~ haplotype, (b) the sEpo and p-haplotype. Dot colours 
indicate the transfusion regimen.

4.6.4. sTfR and sEpo in relation to Hb levels:

An inverse exponentional relationship between the Hb levels and sTfR was found in this 

study (r = -0.502, p= 0.003: p is significant at the level o f 0.01), and between the 

Absolute Hb A level and the sTfR (r = - 0.334, p=0.06), n = 34, (Fig.4.14 a&b). Similar 

findings were found between Hb levels and log Epo (n = 35), (r = -0.39, p= 0.02: p is 

significant at 0.05 level), and between absolute Hb A and log Epo (r = -0.431, p= 0.012: 

p is significant at 0.05 level): see (Fig4.15 a&b).

Additionally, there was a leaner correlation between log Epo and log sTfR (n = 34), (r = 

0.56, p < 0.001): see (Fig.4.16 a&b). Such findings indicate an erythropoietic response 

in IVS 1-6 patients to anaemia; and an expansion o f  the erythron proportional to the 

degree o f anaemia, and in proportion to serum erythropoietin, in agreement with 

previous findings in other thalassaemia patients (Cazzola et al., 1995; 1998).

Discovery o f an inverse correlation between the haemoglobin level and sEpo has been 

reported from a study o f erythropoiesis in selected thalassaemia intermedia patients 

from Sardinia (Galanello R., et al., 1994). It showed that for a given haemoglobin value.
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Figure: 4.14. Scatter plots demonstrate an inverse correlation between the 
Hb value (g/dl) and log sTfR (n = 34), (r = -0.502, P= 0.003: P is 
significant at the level of 0.01), (b) and between absolute Hb A and log 
sTïR (n = 34), (r = - 0.334, P=0.06).
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Figure: 4.15. Scatter plots demonstrates an inverse correlation between the 
Hb value (g/dl) and log sEpo (n = 35), (r = -0.39, P= 0.02: P is 
significant at 0.05 level), (b) and between absolute Hb A levels and log 
Epo (n = 35), (r = -0.431, P= 0.012: P is significant at 0.05 level).
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Figure: 4.16. Scatter plots represents a leaner correlation between log Epo 
and log sTfr (n = 34), (r = 0.56, P < 0.001). (b) shows the correlation 
between log sTfR and total bilirubin count (n=34), (r = 0.43, P=0.01; P is 
significant at 0.05 level).

Hb F has an independent regulatory effect on erythropoietin release and erythropoiesis 

expansion. Patients with high Hb F (>40%) were found to have significantly greater 

sEpo and sTfR. levels than those with lower Hb F (<40%) at similar haemoglobin values 

(Galanello R., et al., 1994). However, in another study, no clear inverse correlation 

between Hb and sEpo and between Hb and log sTfR was observed; and no correlation 

was found between the spleen size, iron loading or age with sEpo (Camaschella C., et 

al., 1996). This research is different from the two previous studies, in that two factors 

have been controlled, which were variables in these previous studies. Firstly, all the 

patients in this study had the same p-genotype, homozygous for IVS 1-6, and a negative 

Xmn I  polymorphism. Secondly, no patients had HbF levels > 40%, with the Hb F mean 

equal to (16.7%) ranging from 1.3-40%.

These findings show that total Hb, as affected predominantly by HbA in this patient 

group, primarily determines erytropoietic drive (Epo response) and marrow expansion 

sTfR. HbF appears to play a minor and insignificant role in determining Epo drive and 

sTfR response in IVS 1-6 patients. This contrasts with types of thalassaemia associated 

with more severe p globin mutations.
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4.6.5. sTfR and sEpo in relation to severity of clinical phenotype:

There was a trend of higher sTfR and sEpo among the group of patients classified 

according to their clinical severity (Fig. 4.17 a&b). The mean sTfR was 7.3± 4, 11.8 ± 

7, 14.2± 10, and 20.7 (mg/1) in the asymptomatic, mild, moderate and severe groups, 

respectively. sTfR is significantly higher in patients with moderate and severe 

phenotypes compared with asymptomatic and mild patients (p < 0.04).
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Figure: 4.17. The following scatter plots represent the distribution between: 
(a) the sTfR and clinical phenotype of each group; (b) the sEpo and 
clinical phenotype. The colours of the dots indicate the transfusion 
regimen. Red: not transfused or only once; green: 2 or less transfusion 
/year; blue: 3 or more/ year; and purple: stopped after splenectomy.

The mean sEpo was 89.5± 58, 139.5±115, 160±118 and 106 (mlU/ml) among the 

asymptomatic, mild, moderate and severe groups, respectively. This indicates the 

greater the degree of severity, the higher the sEpo. sEpo is significantly higher in 

patients with moderate and severe phenotypes compared with asymptomatic and mild 

patients (p < 0.045).
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4.6.6. sTfR and s£po in relation to thalassaemic facies:

Thalassaemic facies develop as bone expansion increases. Therefore it would be 

predicted that sTfR levels would increase as facies become more pronounced. 

Examination of the literature suggests that other investigators have not examined this 

previously.

In this study, patients homozygous for TVS 1-6 were found to have asymptomatic to 

marked thalassaemia facies, and given a score ( 0  = asymptomatic or non, 1= mild, 2 = 

moderate, and 3= severe facies). There is an inverse relationship between the 

haemoglobin level and clinical facies. There is a positive relationship between clinical 

facies, serum transferrin receptor, and serum erythropoietin: see Fig.4.18.

Hb values are significantly lower in patients with mild (mean = 7.4±0.81, p=0.012) or 

moderate facies (7.2± 0.5 p= 0.016) compared with patients lacking thalassaemic facies 

(Hb=8.3 ±1.2). Epo values are significantly higher in patients with moderate 

thalassaemic facies (mean = 228.7 ±138 mlU/ml p= 0.034) than in patients with no 

thalassaemic facies (mean = 106±77mIU/ml). STfR values are higher in the moderate 

clinical facies group than in the mild and asymptomatic patients although this fails to 

reach statistical significance, probably due to the small numbers in the moderate group 

(n =4). A comparison between the means among each category is shown in Table 4.13.

4.6.7. Mechanism of haemopoietic expansion in homozygous IVS 1-6

In this study, a strong inverse correlation between the haemoglobin level and both the 

sTfR and sEpo was found. There were no significant correlations between Hb F, F 

cells, and Hb F/F cell with both the sTfR and sEpo measured. Furthermore, the 

development of thalassaemic facies is associated with absolute Hb rather than HbF. 

Taken together, these findings suggest that, in patients with homozygous IVS 1-6, the 

primary stimulus for marrow expansion (as evidenced by sTfR or thalassaemic facies) is 

total Hb, and not HbF levels. This observation is consistent with the previous section 

(4.6), where HbF did not influence cell survival beyond the reticulocyte stage, and 

where patients with higher HbF values tended to be those with worse anaemia. Thus,
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Table: 4.13. A comparison between the mean Hb level, absolute Hb A, 
absolute Hb F, serum ferritin, serum transferrin receptor, and serum 
erythropoietin among categories according to the thalassaemic facies of 
rVS 1-6 (n=48 patients):

Faces
Hb
g/dl

Abs HbA 
g/dl

Abs Hb F 
g/dl

SEPO
mHI/ml

STfR
mg/1

None Mean 8.3 7 1.3 106.5 9.2
N 22 21 21 15 15
Std. Dev. 1.27 1.57 0 .6 77.4 5.3
Min. 5.7 4.28 0.1 29.3 3.1
Max. 1 1 .0 10.3 2.3 306.1 20 .1

Mild Mean 7.38 6 .8 1 .2 97 1 0 .0

N 20 18 18 15 15
Std. Dev. 0.81 1.5 0.76 61.8 6 .6 6

Min. 5.9 4.5 0.52 12.5 2.3
Max. 9.4 9.87 3.0 258.6 21.78

Moderate Mean 7.2 5.94 1.5 228.7 21.5
N 6 5 5 5 4
Std. Dev. 0.5 0.44 1 .0 138 10 .2

Min. 6 .8 5.28 0.54 106.1 8 .0

Max. 8.1 6.3 2 .8 421.4 32.5
Total (48) Mean 7.7 6.5 1.3 125.4 1 1 .0

N 48.0 44.0 44.0 35.0 34.0
Std. Dev. 1.1 1.3 0.7 98.8 7.4

homozygous IVS 1-6 patients contrast with previously described types of thalassaemia 

resulting from more severe p globin mutations (or E-p thalassaemia), because HbF 

production appears to be relatively unimportant to cell survival, to absolute Hb, to sBpo 

or to marrow expansion. Furthermore, in this group of patients, increased sEpo is not 

associated with increased HbF in contrast to the scheme of Rees devised for E-p 

thalassaemia patients (Ress DC., et al., 1999).
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Figure: 4.18. Scatter plots representing the relationship between thalassaemic facies: (a) with the steady state Hb level; (b) 
with the sTfR; and (c) with the serum Epo. The horizontal line represents the mean.
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4.7. Factors affecting iron loading estimated by serum ferritin:

In untransfused patients with thalassaemia intermedia, iron loading results from an 

increased rate of gastrointestinal absorption (Pippard MJ. et al., 1979). Serum ferritin 

concentration is a useful tool in measuring the iron loading, where this level increases 

proportionally with iron loading.

In this study, serum ferritin was used to evaluate the iron loading, and to investigate 

whether the level of sTfR was related to the degree of iron loading among this group of 

patients. Using serum ferritin has some limitations as a marker of iron overload. Serum 

ferritin was found to be affected by other conditions unrelated to iron loading, such as 

inflammation, infection, hepatic dysfunction, ascorbic deficiency, haemolysis and 

ineffective erythropoiesis (Olivieri & Brittenham 1997). It was also found that serum 

ferritin tends to underestimate the degree of iron overloading in thalassaemia intermedia 

(Porter et al., 2001). Thus, serum ferritin values need to be interpreted with caution.

Serum ferritin was measured in 36 patients; the mean serum ferritin was 693 (±1145 

ng/ml) ranging from 3.98-6081 ng/ml. Two patients had an extremely high serum 

ferritin value of 3087 and 6081 ng/ml ID 29, and ID 48 respectively, and they were on 

regular blood transfusion without the support of any chelating therapy. Eliminating 

these two readings, the mean serum ferritin was 464 (± 534 ng/ml) ranging jfrom 3.98- 

1930 ng/ml. During this study, only 4/48 patients were on chelation therapy 

(Desferrioxamine twice/ week), with blood transfusion every 4 months, and with a 

mean age of 5±2 years.

There was a significant linear correlation between serum ferritin and the age of the 

patient (r = 0.42, p<0.05, n=36), and with sTfR (r = 0.49, p =0.005, p is significant at 

the 0.01 level, n=36): see Fig.4.19. The correlation between the serum ferritin and the 

agexserum transferrin receptor was estimated to exclude the variation in serum ferritin 

with age and its effect on erythropoiesis in terms of serum transferrin receptor counts. A 

significant relationship was found (r = 0.58, P < 0.0001). These findings show that iron 

stores, as evidenced by serum ferritin, increase in direct proportion to expanded 

erythropoiesis, as evidenced by sTfR.
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There is also a relationship between thalassaemic facies and serum ferritin (Fig. 4.20 a) 

consistent with the idea that patients with the highest expansion of bone marrow absorb 

the most iron.

Serum ferritin also increases with increasing severity of clinical phenotype. The mean 

serum ferritin was 94 ± 50 ng/ml in the asymptomatic group, 723 ±861 ng/ml in the 

mild group, 915+ 599 ng/ml in the moderate group, and 6081 ng/ml in the severe group 

(Fig. 4.20 b). Serum ferritin also increases with increasing severity from asymptomatic 

to mild phenotype (p< 0 .0 1 2 ), and to moderate phenotype (p< 0 .0 0 0 1 ).

The estimation of iron absorption rates in this group of patients was rather difficult for 

various reasons. First, the age of the patients ranged from 2 -70 years. Serum ferritin 

estimates iron stores, not iron absorption, which would require a formal absorption test. 

If iron absorption rates are increased throughout life, then serum ferritin will increase 

Avith age. By multiplying the age of patients with sTfR value and relating this to ferritin, 

an attempt was made to dissociate the effect of age on serum ferritin. Second, there are 

differences in management policies between different clinics, where some patients were 

mistakenly being treated as thalassaemia major, and were on regular blood transfusion 

for some time; and some had stopped transfusion after splenectomy. Therefore, iron 

loading among these patients could be the result of increased adsorption and from blood 

transfusion. Third, the availability of chelating drugs and pumps in different centres 

was limited, with priority given to thalassaemia major patients, and patients v îth 

thalassaemia intermedia on regular blood transfusions.

Despite all these limitations, serum ferritin was found to increase with increasing 

anaemia and expansion of erythropoiesis as shown by sTFR or thalassaemic facies. 

These findings are in broad agreement with the findings of Pootrakul et al., (1988) in E/ 

p-thalassaemia patients.

Furthermore, a relationship between iron loading and thalassaemic facies has not been 

previously described. The fact that we used a homogeneous genetic group with the 

same p mutations may have allowed us to identify this relationship.
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Figure: 4.20. Scatter plots representing the relationship between: (a) 
thalassaemic facies and the serum ferritin; and (b) clinical phenotype and 
serum ferritin. The horizontal line represents the mean.

4.8. Factors affecting spleen enlargement

Patients were categorised according to their spleen size: as less than 3 cm, more than 

3cm or splenectomised. The haematological and biochemical findings are summarised 

in Table 4.14.

25/48 patients had a spleen size <3cm, with a mean Hb level o f 8 ± 1.3 g/dl, absolute 

Hb A 6.3 ± 1.5 g/dl, Hb F 15.9 ± 8.3%, serum ferritin 298.8 ± 804 ng/ml, sEpo 96.2 ± 

75.3 mlU/ml and a sTfR o f 7.6 ± 5.3 mg/1. 13 patients had a spleen size >3cm, with a 

mean Hb level o f 7.4 ± 0.77 g/dl, absolute Hb A 5.4 ± 0.75 g/dl, Hb F 20 ± 10.9%, 

serum ferritin 471 ± 364 ng/ml, sEpo 160 ± 128 mlU/ml and sTfR o f 11.7 ± 7.2 mg/1: 

see Table 4.14 and Fig. 4.21.

The remaining 10 patients were splenectomised, and had a mean Hb level o f 7.5 ± 0.7 

g/dl, absolute Hb A 5.9 ± 0.6 g/dl, Hb F 14.3 ± 10.2%, serum ferritin 1626 ± 1778 

ng/ml, sEpo 116.8 ± 70 mlU/ml and sTfR o f 15.5 ± 8.6 mg/1: see Table 4.14 and Fig. 

4.21.
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Table: 4.14. List of a comparison between the mean of the Hb level, the 
absolute Hb A, the %HbF, serum ferritin, serum erythropoietin, and 
serum transferrin receptors in different groups of patients categorised 
according to their spleen.

Spleen
Hb
g/dl

Abs HbA 
g/dl

HB
F%

Serum
ferritin
ng/ml

sEpo
mlU/ml

sTfR
mg/1

Age*sTfR

<3 Mean 8 .0 6.3 15.9 298.8 96.2 7.6 115.7
N 25 23 23 14 13 14 14
Std. Dev. 1.3 1.5 8.3 804.4 75.3 5.3 131
Min. 5.7 4.1 1.3 4.0 12.5 2.3 7.9
Max. 1 1 .0 9.6 30.9 3087.0 258.6 19.9 430

>3 Mean 7.4 5.4 2 0 471.5 160.5 11.7 1 1 2

N 13 1 2 1 2 13 13 11 11

Std. Dev. 0 .8 0.75 10.9 364.0 128 7.2 83
Min. 6.4 3.8 9.4 36.0 13.0 5.3 1 0

Max. 9.0 6 .2 40.0 1104 421.4 24.8 259
Splenectomy Mean 7.6 6 .0 14.3 1626.6 116.8 15.5 334

N 1 0 9 9 9 9 9 9
Std. Dev. 0.7 0 .6 1 0 .2 1778 70 8 .6 284
Min. 6 .6 4.6 5.2 206 46.7 7.3 78
Max. 8.9 6 .6 36.8 6081.2 274 32.5 810

Serum ferritin was significantly increased in patients with splenomegaly (>3cm) (mean 

= 471±364 ng/ml) compared with patients having spleen size <3cm (mean=299± 800 

ng/ml, p=0.0076), with an exception of one 11 year-old patients (ID 29), with spleen size 

<3cm and serum ferritin of 3087 ng/ml, who was diagnosed at the age of 6  years, and 

has been transfused since then every two months without any chelation provided, and 

maintains a pre-transfused Hb level of 6 .6  g/dl. However, patients who had had 

splenectomy had higher ferritin values (mean 1626±1778 ng/ml) than those with either 

spleen size <3cm (p=0.0005) or those of spleen size >3cm (p=0.012).

Serum transferrin receptor was significantly increased in patients with spleen size >3cm 

(mean = 1 1 .7±7 mg/1) compared with patients having spleen size <3cm (mean=7.6±5 

mg/1, p=0.02). Also, patients who had had splenectomy had higher serum transferrin 

receptor values (mean 15.5±8.6 mg/1) than those with spleen size <3cm (p=0.0089). A

207



________________________________________________________________ Chapter 4

strong linear relationship was found between spleen groups and serum transferrin 

receptor and with age x sTfR: (Fig. 4.22c).

Similarly, sEpo was increased in patients with spleen size (>3cm) (mean = 11.7±7 mg/1) 

compared with patients having spleen size <3cm (mean=96.2 ± 75.3 mlU/ml). Also 

patients who had had splenectomy had higher serum transferrin receptor values (mean 

15.5±8.6 mg/1) than those with spleen size <3cm.

The reticulocyte count was measured in 25 patients. Patients who were splenectomised 

(n= 7) had a much higher reticulocyte count with a mean value of (13.5± 6.5%), 

compared with patients with spleen size < 3cm (n =11) with a mean reticulocyte of 

(2.5± 1%, p = 0.007), and with those patients with spleen size > 3cm (n = 7) with a 

mean reticulocyte count of (1.8± 0.8%, p = 0.017): see Fig. 4.23a. The peripheral blood 

in normal adults is generally less than 2% reticulocytes. The correlation between 

reticulocyte count and serum transferrin receptors was r= 0 .2 , but this failed to reach 

significance (p= 0.3). The correlation of age x sTfR with reticulocyte count was r = 

0.28, p= 0.19: see Fig. 4.23b & c.

These findings show a significantly higher sTfR, sEpo and serum Ferritin in the 

splenectomised patients than in patients with intact spleen either <3cm or >3cm. 

Furthermore, patients with spleen >3cm had higher sTfR, sEpo, and serum ferritin than 

those with smaller spleens. These findings suggest that patients with larger spleens tend 

to be those with greater anaemia and higher erythroid expansion. However, in 

splenectomised patients, who presumably had a worse phenotype that required removal 

of the spleen, erythroid expansion and anaemia remain significant problems after 

splenectomy. In order to address the effect of splenectomy itself on sEpo, and sTfR, it 

would be necessary to study the same patients before and after splenectomy. There are 

studies suggesting that iron absorption is increased post splenectomy (Fiorelli et al. 

1990). However, it is difficult to interpret the effect, if any, of splenectomy on body 

iron stores: it is clear that serum ferritin is higher in the splenectomised patients, but it is 

not clear to what extent this iron loading was due to transfusion pre splenectomy or 

hyperabsorption of iron post-splenectomy.
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4.9. Other clinical findings in homozygous IVS-1-6

4.9.1. Growth:

The height and weight of each patient was located on the Tanner-Whitehouse growth 

charts for both females and males (see Fig.4.24, Fig.4.25 and Fig.4,26), which is in 

routine use for Jordanian paediatric patients.

13/26 (50%) of male patients and 10/22 (45.5%) of female patients were below the 25* 

centile. In early childhood, there does not appear to be an excess of small patients. In 

late childhood and early teens, there appear to be a fall-off in growth. It must be 

emphasised that this is a cross sectional study, and patients were not followed 

sequentially.

The finding that prepubertal patients as a population did not have growth retardation 

relative to the chart used, suggests the reference range used for height is likely to be 

appropriate for recently bom members of the Jordanian population. The findings also 

suggest reduced height begins in late childhood or early puberty in IVS 1-6 patients. 

Delayed puberty is a well-recognized complication in anaemic patients (De Sanctis et 

al., 1998). It is of interest to note that, despite the moderate anaemia in the IVS 1-6 

patients, as a whole there seems to be a trend of growth delay in late childhood and 

early adolescence; and 11/48 (23%) patients were below the 10* centile.

In this study. Tanner staging and bone age was not undertaken, so it is not possible to 

relate changes in height to any delay in puberty, although this a likely contributing 

factor.
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Figure: 4.24. The height growth chart for females, dots represent the 
patients’ height.
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male height chart IVS 1-6
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Figure: 4.25. The height growth chart for males: dots represent the male 
patients homozygous for IVS 1-6 height.
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Figure: 4.26. Representing the distribution of both male and female 
patients weight on the weight growth chart.
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4.9.2. Skeletal deformities, joint disease, and leg ulcers:

Seven patients had an occasional joint pain. One 14-year old patient had repeated 

pathological fractures; his height and weight were less than the 3"̂  ̂ centile; with a Hb 

level of 6 .6  g/dl post-splenectomy. Transfrisions stopped after splenectomy. None of 

the patients had any history of leg ulcers, although it is a common complication of 

thalassaemia intermedia (Modell & Berdoukas, 1984). However, this was the first study 

to investigate leg ulceration and pathological fracture among IVS 1-6 thalassaemia 

intermedia patients.

4.9.3. Gallstones:

Clinically, there was no sign of gallstones, although abdominal ultrasound was not 

performed during this study, and only two patients have had cholecystectomy.

Searching the literature, gallstones have not previously been described in homozygote 

IVS 1-6 patients before.

4.9.4. Infections:

Infections are well recognised as a complication in thalassaemia intermedia. This risk 

increased after splenectomy. 12/48 (25%) patients complained of recurrent infections. 

These were generally upper respiratory tract infections and, as there was no control 

group, it is difficult to interpret whether this is an increase above the general population. 

Two patients received frequent (>3 times /year) hospital admissions for infections: one 

with recent splenectomy. Additionally, one patient (ID 48) had hepatitis B.

4.10. CONCLUSIONS

This is the first study to compare factors that affect the severity of disease in a large 

group of patients who are homozygous for the same p-globin gene mutation, namely 

(TVS 1-6). Forty-eight patients homozygous for IVS 1-6 (T^C ) were analysed, since 

this mutation is one of the most common P-thalassaemia mutations in the 

Mediterranean region. Homozygotes are known to be often mildly affected, due to the
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considerable p-globin chain synthesis by the mutated chromosome, and usually have 

low HbF and high Hb A2 levels (Huisman, 1990b). However, the factors affecting the 

disease severity within this group are less well documented. In particular, the role of 

HbF synthesis in ameliorating disease severity in patients homozygous for TVS 1-6 has 

not been examined systematically. Similarly, the relationships of markers of erythroid 

expansion, sEpo and anaemia have not previously been examined systematically among 

patients homozygous for IVS 1-6 mutation.

This study shows that homozygote IVS 1-6 patients have a wide spectrum of clinical 

severity, ranging from asymptomatic, mild, moderate, to severe. Identifying patients 

according to specific phenotypic categories might overestimate the severity of the 

disease due to various clinical findings related to some acquired and genetic factors 

such as: the policy of treatment in some hospitals; nutrition; and other inherited factors 

related to growth. However, the total Hb was found to be significantly progressively 

less in very mild, mild, moderate and severe groups, which is paralleled by decrements 

in absolute HbA. In general, it is worth integrating different clinical findings, such as 

thalassaemic facies, and the general clinical condition, which has a great impact on the 

term of severity, and to be later considered as a part of the scoring system for further 

studies.

This study also reveals that haplotype VI is strongly associated with the milder disease, 

compared to haplotype VII.

The most remarkable finding of this study is the absence of significant correlation 

between the Hb level and HbF value, but strong correlation between the Hb level and 

absolute HbA. This suggests that an increased capacity to produce HbA and HbA2 will 

lessen the degree of anaemia, while increased HbF production certainly does not have 

any ameliorating factor in this group of patients. Such findings are supported by the 

lack of any advantageous effect on survival beyond the reticulocyte stage of F-cells, 

compared with none F cells. The findings also suggest that, in patients with 

homozygous IVS 1-6, patients with the highest HbF are those with the lowest HbA; and 

that this increased HbF production is a secondary response to the anaemia rather than 

primary genetic factors affecting HbF. It also shows that no patients had the Xmn
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polymorphism, therefore, the effect of this mutation in homozygous IVS 1-6 could not 

be examined.

A further area that has not been examined in a group of homozygous IVS 1-6 

previously, is the relationship between anaemia, erythropoietin (sEpo), and markers of 

marrow expansion. The latter can be examined biochemically using sTfR or clinically 

by examining and quantitating thalassaemic facies. This study provides evidence that 

the higher the sEpo and sTfR the greater the degree of anaemia and clinical severity; 

and that in this group of patients homozygous for IVS 1-6, the primary stimulus for 

marrow expansion is the total Hb, and not HbF production. Furthermore, it revealed that 

thalassaemic facies is a strong indicator for erythroid expansion, which has not been 

described before, and was confirmed by a positive correlation between the thalassaemic 

facies and the serum transferrin receptors, and serum erythropoietin values.

Iron stores, as indicated by serum ferritin level, were found to increase with increasing 

anaemia, and expansion of erythropoiesis as shown by sTFR or thalassaemic facies. 

This is the first study to examine the relationship between iron loading and thalassaemic 

facies in thalassaemia intermedia patients. However, these findings are consistent with 

the idea that patients with the highest expansion of bone marrow absorb the most iron. 

The vast range for such data indicates the clinical heterogeneity among this group of 

patients: ranging from asymptomatic patients with lower haemolysis resulting in lower 

serum ferritin and bilirubin, lower erythroid expansion indicated by lower sTfR and 

sEpo; to mild moderate and severe patients with varying degree of erythroid expansion, 

haemolysis, and inappropriate management in some patients.

This chapter also found that splenomegaly is correlated significantly with the degree of 

erythroid expansion, bilirubin, and serum ferritin, while splenectomy helps maintain 

adequate Hb levels without the need for transfusion.

This study revealed that some patients showed growth delay in late childhood and early 

adolescence, pointing out that although IVS 1-6 is a mild mutation, patients should be 

carefully followed during this period by endocrinologists for further medical support. 

Additionally, this was the first study to look at leg ulceration, pathological fractures, 

and gallstones in IVS 1-6 thalassaemia intermedia patients.
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Finally, all these findings indicate that there are many factors contributing to the clinical 

diversity in IVS 1-6 homozygote patients other than the known genetic modifiers linked 

to the p-globin gene and to the a-globin gene. Furthermore, the term of clinical 

severity is not limited to the haemoglobin level and condition of transfusion; but should 

be expanded to include other clinical erythropoietic markers such as thalassaemic facies, 

spleen condition, cardiac function and growth.
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CHAPTERS

PSYCHOSOCIAL BURDEN OF THALASSAEMIA INTERMEDIA

IN JORDAN

This chapter aims to study the spectrum of the psychosocial burden in 

thalassaemia intermedia patients; and to find whether the severity of the clinical 

phenotype is correlated with the psychosocial burden. A total of 59 thalassaemia 

intermedia patients ( 2 0  adult thalassaemia intermedia patients, and 39 patients under the 

age of 16 years); and 51 parents of thalassaemia intermedia patients representing 33 

families, participated in this study: shown in Table 5.1.

The majority of the patients: 42/ 59, were homozygous IVS 1-6. The clinical phenotype 

of these patients is discussed in chapter 4. Patients aged 16 years of age and over, and 

all the parents, were interviewed either at the University of Jordan or at home depending 

on their choice.

This study was achieved with the help of Dr M Psiloinis, and Dr M Petrou in 

interviewing both patients and parents. Three pre-existing questionnaires (Ratip S. 

1996/ 1995) structured to measure the potential psychosocial burden of thalassaemia 

intermedia were used. These questionnaires were found to be the most appropriate for a 

chronic inherited disorder and have been used in previous studies to measure the 

psychosocial burden of thalassaemia (Ratip et al 1995; Ratip and Modell 1996; Klein et 

al 1998).

The adult patients were interviewed alone using questionnaire A (Annex 8 ). Parents 

together in the presence of their children under 16 years old were interviewed using 

questionnaire B (Aimex 9). In this culture, parents expect to be answerable for their 

children under 16 years old. Each parent was interviewed alone to answer the parent’s 

questionnaire (C) (Annex 10).

The questionnaire was translated into Arabic, and interviews of approximately 45 

minutes toVA hours took place with each individual. The questions were translated into 

a form that was simple and non-judgmental. Results of the psychosocial burden for
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adult thalassaemia intermedia and paediatric patients, and their parents are summarized 

in Annex 11-Adult patients. Annex 12-patients under the age of 16 years and Annex 13- 

parents. At the end of the interview, each response was graded 0-3, corresponding to the 

degree of impairment (0= unaffected, 1= mild, 2= moderate, and 3= severe). Data was 

collected using SPSS for windows statistical package.

Table; 5.1. Summary of the 33 TI families participatec
Sr. No. TI

Family No.
Clinical

Phenotype Adult TI <16 years 
oldTI

Total TI 
patients Comments

1 Fam 1 Very mild 1+1* 2
FMF** + Downs 
Svndrome child

Mild 1 1
Total 3 3

2 Pam 10 Very mild 2 2
Mild 1 1
Total 3 3

3 Fam 13 Moderate 3 3
Severe 1 1
Total 3 1 4

4 Fam 14 Mild 1 1 Widow
Total 1 1

5 Fam 15 Mild 1 1
Total 1 1

6 Fam 18 Mild 1 1
Severe 1 1
Total 2 2

7 Fam 2 Very mild 1* 1
Mild 1 1 + Motor & mental delay
Total 2 2

8 Fam 20 Moderate 1 1
Total 1 1

9 Fam 22 Moderate 1* 1
Total 1 1

10 Fam 23 Moderate 1+1* 2
Total 2 2

11 Fam 24 Very mild 1 1 2
Total 1 1 2

12 Fam 25 Mild 1 1
Moderate 1 1
Total 2 2

13 Fam 28 Mild 1 1
Moderate 1 1 Divorced
Total 2 2

14 Fam 29 Moderate 1 1 Recurrent lung infections
Total 1 1

15 Fam 33 Moderate 2 2
Total 2 2

16 Fam 34 Moderate 1 1 + Chronic Bronchitis
Total 1 1

in this study.

221



Chapter 5

Sr. No. TI
Family No.

Clinical
Phenotype Adult TI <16 years 

OldTI
Total TI 
patients Comments

17 Fam 4 Mild 1 1
Moderate 1 1
Total 2 2

18 Fam 42 Moderate 2 2
Total 2 2

19 Fam 44 Moderate 1 1
Severe 1 1
Total 2

20 Fam 49 Very mild 1* 1
Total 1 1

21 Fam 5 Very mild 3
Mild 1 1
Total 1 3

22 Fam 50 Mild 1* 1
Total 1 1

23 Fam 51 Very mild 2 2 The father is also TI
Mild 1 1
Total 3 2

24 Fam 59 Very mild 1 1
Mild 1 1
Total 2 1

25 Fam 64 Mild 1* 1
Total 1 1

26 Fam 65 Moderate 1 1
Total 1 1

27 Fam 66 Moderate 1* 1
Total 1 1

28 Fam 67 Mild 1 1
Total 1 1

29 Fam 68 Severe 1 1
Total 1 1

30 Fam 69 Severe 1 1 Hepatitis
Total 1 1

31 Fam 72 Mild 1 1
Total 1 1

32 Fam 73 Mild 1 1
Total 1 1

33 Fam 80 Mild 1* 1
Total 1 1

(*) Indicate thalassaemia intermedia patients < 5 years old
(**) FMF is Familial Mediterranean Fever

5.1. (A) Psychosocial burden of adult thalassaemia intermedia patients:

Twenty adult thalassaemia intermedia patients aged 17 to 50 years (mean age 27+9 

years): 12 males and 8  females were interviewed and questionnaire A completed. Five 

of the thalassaemia intermedia patients were diagnosed during this study; the mean age 

of diagnosis was 14+11 years. Seven patients were married with children; and one of
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those was a father to four thalassaemia intermedia children (patient 9-Fam 51); one was 

divorced (patient 16-Fam 28); the remaining 1 2  patients were single.

Eleven variables were investigated to evaluate the psychosocial burden: education, 

sport, social life, anxiety, self-image, feeling of difference, family adjustment, social 

integration, social isolation, stigmatisation and denial. The result for each patient is 

shown in Annex 11, and summarised in Table 5.2.

Education was affected in 45% of the adult thalassaemia intermedia patients as a result 

of having to take time off school: (25%) took one day or less per month because of their 

illness. Two patients were v^thdravm from school mainly because they were not 

interested in pursuing their studies, and their families felt they were not doing well 

enough. In addition, the parents believed that the disease shortened their lives, and there 

was no point in completing their studies. These patients were, therefore, given a severe 

score for education.

Sports activity W2is affected in 45% of adult thalassaemia intermedia patients: as 

expected, due to the low haemoglobin, they complained of tiredness and weakness. In 

the majority of the patients, there was no effect on their social life, but 25% have a 

serious problem of socializing: the stigmatisation score reflects such difficulties; 65% of 

patients felt a degree of stigmatisation from being called “yellow face”, and some 

looked pale and tired, leading to a noticeable degree of isolation in four patients. This 

resulted in four patients being taken out of school; divorce in one female patient; in 

three patients, it affected their chances of getting married; and three patients were 

unemployed.

Sixty-five percent of the patients experienced a degree of social isolation due to the 

disease. Most of the patients talk about the disease openly to their family, close friends 

or relatives. However, the 15% who experienced severe social isolation were unable to 

talk about their problems, hold down a job, or make friends. It is worth noting that these 

patients were not on regular treatment; they felt weak, looked pale and had thalassaemic 

facial characteristics that made them less able to socialize.
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Table: 5.2. Summarising the frequency of psychosocial burden among adult

Adult TI patients Unaffected Mild Moderate Severe
Frequency % Frequency % Frequency % Frequency %

Education 13 65% 2 10% 3 15% 2 10%
Time off school 15 75% 5 25% 0 0% 0 0%
Sports 11 55% 7 35% 1 5% 1 5%
Social life 15 75% 0 0% 1 5% 4 20%
Anxiety 5 25% 9 45% 1 5% 5 25%
Self image 10 50% 5 25% 1 5% 4 20%
Feeling of differences 12 60% 2 10% 2 10% 4 20%
Family adjustment 13 65% 3 15% 1 5% 3 15%
Social integration 10 50% 2 10% 3 15% 5 25%
Social isolation 7 35% 8 40% 2 10% 3 15%
Stigmatisation 7 35% 3 15% 5 25% 5 25%
Denial 14 70% 1 5% 2 10% 3 15%

Half of the patients had problems with social integration, with 25% of them 

unemployed and unlikely to set up a family. Similarly, the patient’s self-image was 

affected in 50% of patients; they made frequent references to thalassaemia, and 25% of 

these patients felt defective.

Feelings of difference were seen in 40% of patients; they felt different from their 

siblings and friends, and they were unable to do the same activities. One third of the 

adult patients felt they had difficulties in family adjustment, highlighting the 

overprotection of the parents; they felt unequal to their siblings, who had better 

opportunities for education, marriage and family. One patient was rejected by her 

husband, which led to a divorce.

Most of the patients had a degree of anxiety (75%), ranging from worries about their 

health, death; to worrying about relationships, marriage, and having their own healthy 

children.

There was a positive correlation between the clinical phenotype and the psychosocial 

scoring (r = 0.79, and p<0.0001) (Fig 5.1).
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Figure: 5.1. Demonstrating a strong correlation between the 
psychosocial burden score and the clinical burden score among adult 
thalassaemia intermedia patients (r = 0.79; p<0.0001). Different dot 
colours represent the genotype o f each patient. Homozygous IVS 11-8484 
were brothers and sisters, and homozygous Cd 6(-A) were three brothers.

5.2. (B) Psychosocial burden for patients under 16 years old.

A total o f 39 young thalassaemia intermedia patients were studied aged 2 to 15 years 

(mean age 8.4 ±4 years). The parents o f each patient were interviewed in the presence 

of the child, using questionnaire B.

Nine different variables were evaluated in this study: education, sport, difference from 

friends/ siblings, social interaction, fami ly-adj ustment, anxiety, isolation and 

stigmatisation. The outcome of each variable among this group o f patients is listed in 

Annex 9; and the summary o f findings for each variable is shown in Table 5.3.

Among these paediatric patients, four had other medical problems: a 10 year-old girl 

(patient 4-Fam2) had an inherited motor development disorder; a 10 year-old boy 

(patient 33-Fam 29) had a long-term lung infection; a 10 year-old girl (patient 1-Fam 1) 

had Familial Mediterranean Fever (FMF); and an 8 year-old boy (patient 17-Fam 34) 

suffered from chronic bronchitis.
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Education was affected in only 15.5% of the paediatrics patients, but 31% of them were 

under school age and were not given a score. Education was affected because of time 

taken off school for blood transfusions, infections, feeling tired, and being admitted to 

hospital. One patient, who had splenectomy, was given a severe score because of time 

taken off school before and during the operation. Although it is a temporary situation, 

until she recovers and goes back to school, her progress during that academic year was 

severely affected.

Sport activity was affected in 40.8% of the patients; they complained of weakness and 

tiredness. At the time of this study, 5 patients (12.8%) were severely affected: one 

patient was a disabled girl who was given a zero score because sport activity was 

affected for reasons other than thalassaemia. Out of the remaining four patients, two 

were severely affected: they had recently had splenectomy. Before splenectomy, the 

spleen was grossly enlarged, and sport activity was severely affected. Therefore, these 

patients were given a severe score.

Half of the patients had some degree of anxiety (51%), presenting in various levels of 

worried feelings about the illness. Less than half (44%) felt they were different from 

their fnends and siblings, because they look different: they are pale, have thalassaemic 

facies, and delayed growth and puberty.

The majority of patients had no serious problems with family adjustments: 6 6 % were 

unaffected; 25% mild; 3 patients (7.7%), in two families, had a moderate score. The 

affected patients reported over protection by parents and jealousy from their siblings 

leading to conflicts between them.

Social interaction was not affected in 90% of patients; they play and get on well with 

their friends. In three patients (7.7%) the relationship with their friends is affected to 

some extent by the thalassaemia. One patient is severely affected due to other medical 

problems unrelated to thalassaemia (patient 4-Fam2), and therefore, was given a 0 

score.
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Table: 5.3. Summarising the frequency of psychosocial burden among 
thalassaemia intermedia patients under the age of 16 years.

TI patients under the age of 16 
years old

Unaffected Mild Moderate Severe

Frequency % Frequency% Frequency% Frequency%
Education 21 53.8 4 10.3 1 2 .6 1 2 .6

Sport/ activity 23 59 6 15.4 6 15.5 4 10

Difference from friends/ siblings 2 2 56.4 4 10.3 12 30.8 1 2 .6

Social interaction 36 92.3 3 7.7 0 0 0 0

Family adjustment 26 66.7 10 25.6 3 7.7 0 0

Anxiety 19 48.7 12 30.8 7 17.9 1 2 .6

Social isolation 30 76.9 7 17.9 2 5.2 0 0

Stigmatisation 23 59 12 30.8 4 10.3

The majority of the patients (77%) talk and express their feelings to their parents and 

other family members or friends, and, thus, do not feel any isolation; but seven patients 

(18%) look reserved at times, although they talk about their problems freely; and two 

siblings (5%) are moderately affected and occasionally talk about their problems, but 

often look withdrawn.

A degree of stigmatisation was found ranging from mild (30%) to moderate (10%). This 

was found in the older patients in this group, who had a severe clinical phenotype, and 

were overprotected by their parents.

Fig.5.2a and b, shows the relationship between the psychosocial burden and the clinical 

burden, and the patient age. It shows no significant correlation between the clinical 

burden and the psychosocial burden score for patients under the age of 5 years. 

Conversely, a positive correlation between the clinical burden and the psychosocial 

burden score (r = 0.6, p< 0.0001) was found among patients over 5 years old. Also, 

there was a linear correlation between the psychosocial burden and the age of the 

patients.

5.3. (C) Psychosocial burden for parents of thalassaemia intermedia patients.

Fifty-one parents of thalassaemia intermedia patients were interviewed separately: 23 

fathers and 28 mothers, whose ages ranged from 21 to 62 years. They represented 33
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families, out of whom 10 families had two thalassaemia intermedia patients, 3 families 

had three thalassaemia intermedia patients, and 3 families had four thalassaemia 

intermedia patients. Two mothers were widows; one with two thalassaemic children.

One family (Fam2-parents 3&4), (see Fig.5.3a), had six children, three of whom had 

serious disabilities of motor dysfunction and mental retardation, two of whom were in a 

special boarding school for handicapped children; the third also has thalassaemia 

intermedia. A second thalassaemia intermedia child was diagnosed in this family during 

this study.

A second family (Fam-1 parents 1&2), (see Fig.5.3b), had seven children: the proband 

has Familial Mediterranean Fever (FMF) and thalassaemia intermedia. Two girls were 

diagnosed, during this study, with thalassaemia intermedia at 4 and 7 years of age; and 

one child had Down’s syndrome. The parents in both families are first cousins. The 

responses to the questionnaire by these two families may have been influenced by the 

presence of children with these other conditions.

The parents psychosocial questionnaire (C) was designed to evaluate eleven variables: 

social life, anxiety, social isolation, family adjustment, confusion, anger, guilt, effect on 

plans for more children, employment/ finance, attitude towards prenatal diagnosis 

(PND), and denial. The psychosocial findings among each parent are summarised in 

Annex 13. The frequency for each outcome is shown in Table 5.4.

The majority of the parents (66.7%) knew about the nature of the disease. However, one 

third had incorrect information, and were confused regarding the inheritance. Some 

believed that marrying their cousin was the reason for having an affected child, while 

others believed that it was inherited from one parent: most thought that it was inherited 

from the mother’s side.

Most of the parents (98%) represented various degrees of anger, due to inadequate 

explanations from their doctors about the nature and clinical management of the disease.
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Figure: 5.2. (a) A scatter plot representing a positive correlation between the clinical burden score and the psychosocial burden
score for patients under the age of 16 years. Patients were categorized into two groups: patients < 5 years old; and those who are > 
5years old. Patients > 5years old showed a strong linear correlation (r = 0.6, and p < 0.0001) contrary to those patients < 5 years 
old. (b) Shows a linear correlation between the psychosocial burden score and the age of the thalassaemia intermedia patients (r = 
0.78) (95% Cl).
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Figure: 5.3. Representing the pedigree of the two families: (a) The parents (3&4) had six children, three of whom had serious 
disabilities of motor dysfunction and mental retardation, two of whom were in a special boarding school for handicapped children 
(A4 & A5), the third one had motor delayed problem and also has TI (A2). During this study a second TI child was diagnosed in 
the same family (A6 ). (b)The second family (parents 1&2), had seven children: the proband has Familial Mediterranean Fever 
(FMF) and TI (B5). Another two girls were diagnosed during this study as TI (B6  & B7), and a Down’s Syndrome child (B8 ).
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Table: 5.4. Representing the frequency of psychosocial burden for each variable 
among parents of thalassaemia intermedia patients

Parents for 
TI patients

Unaffected Mild Moderate Severe
Frequency % Frequency % Frequency % Frequency %

Confusion 34 66.7 17 33.3
Anger 1 2 2 0 39 11 2 1 .6 19 37.3
Guilt 26 51 6 11 .8 19 37.3
Anxiety 7 13.7 11 2 1 .6 10 19.6 23 45.1
Family adjustment 40 78.4 2 3.9 1 2 8 15.7
Social life 26 51 2 3.9 17 33.3 6 11 .8

Social isolation 2 3.9 15 29.4 31 60.8 3 5.9
Denial 32 62.7 3 5.9 6 11 .8 10 19.6
Plans for more children 21 41.2 4 7.8 12 23.5 14 27.5
Employment/ finance 44 86.3 5 9.8 2 3.9
Attitude for PND 5 9.8 9 17.6 37 72.5

Half of the parents showed various levels of guilt, and self-blame for their child’s 

condition, mainly because they were married to their cousin and had not undergone 

premarital screening. Mothers showed higher feelings of guilt (6 8 %) compared to the 

fathers (26%). However, these feelings of guilt and self-blame did not inhibit them from 

having more children. Such findings reflect the nature of the structure of the society and 

culture, which is mainly dominated by men. The marriage system is mostly 

consanguineous and arranged by parents, with unquestioning obedience by the couples. 

The number of children per family is large; even though they have affected children, 

they will continue to have more children in the hope of having healthy ones. There were 

levels of anxiety among 8 6 % of patients, and 45% of parents were extremely worried 

about thalassaemia all the time, with fears of their child’s death, for their health, 

academic and professional prospects, and whether they would be able to marry and have 

a family.

Approximately a quarter (22%) of parents experienced difficulties in family 

adjustments, ranging from occasional arguments or tension with their spouses, to 

accusing each other of being responsible for their children’s disease. There were, 

however, some serious arguments about the overprotection of the children, or because 

one spouse underestimated their child’s abilities. There were some feelings of jealousy
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from the other siblings as the parents gave more attention to the thalassaemia intermedia 

child.

96% of parents felt socially isolated, varying from those who had good support from 

their spouse, friends or relatives, but felt the need for more support from professionals; 

to those who were severely affected and had no one to turn to when in need of support. 

Such findings indicate the need for more psychosocial support from health 

professionals, or other supporting groups, such as the thalassaemic parents’ and 

patients’ associations.

Social life was affected in half of the patients. Most of the parents were able to socialise, 

but at a significantly reduced level; and the relationship vvdth friends was affected. In 

1 2 %, the relationship with friends was severely affected; they had no friends, mostly 

because they did not want any one to know that they had thalassaemic children and did 

not want to be blamed as the cause of their children’s disease. This was shown in our 

study by the degree of denial present, in approximately in 40% of parents.

Financial situation and employment was not seriously affected in the majority of 

parents. In Jordan, blood transfusions, iron chelation, and other medications, are fully 

covered by the Ministry of Health. However, some parents had to take time off work to 

take their child to hospital; or felt the need to reward their children with gifts after a 

blood transfusion. Such additional expenses affected their financial situation.

Approximately 60% of the parent’s plans to have more children were affected by having 

a thalassaemic child. Of these families, four had PND, and one terminated an affected 

pregnancy.

Three quarters of parents would have chosen prenatal diagnosis if it had been available 

at the time, and would have terminated an affected fetus, although 17.6% would have 

considered not terminating a pregnancy if they could be given assurances that the child 

would be mildly affected with thalassaemia intermedia.

Fig 5.4a shows that the parent’s psychosocial score is not determined by the 

psychosocial burden of their child, as there is no correlation. Similarly, there was no
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significant correlation between the parents’ psychosocial score and patients’ clinical 

burden (Fig 5.4b). Even when the patients were categorised in two age interval groups 

“more and less than 16 years old”, no correlation was found. Data are not shown.

one TI patient 

other problems 
A other affected children 

Widow

10 20 30

P atien ts p sy ch o so c ia l s c o re

P a r e n t s '  p s y c h o s o c ia l  b u rd e n  & P a t ie n ts  c lin ic a l s c o r e ♦ o n e  TI patient 

■  other problems 

A  other affected children 

O  Widow

5 10 15

patien ts clinical sc o re

Figure: 5.4. (a) Scatter plot shows no significant correlation between
the psychosocial score of patients’ and their parents, (b) Scatter plot 
signify no correlation between the parents’ psychosocial score and the 
patients’ clinical burden score. The dots were given different colours 
representing the family conditions.

5.4. CONCLUSIONS

This was the first study to provide a quantitative analysis of the psychosocial burden 

among thalassaemia intermedia patients in a Middle Eastern country; a comparison 

between the findings of this study and others reported from developed countries are 

shown in (Table 5.5). It is also the first study to analyse the psychosocial burden of a
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large number of thalassaemia intermedia patients with the same homozygous genotype 

IVS 1-6/IVS 1-6. It shows that within the same homozygous genotype there is a wide 

clinical spectrum of psychosocial burden (Fig 5.5).

This study provides some tentative answers to important issues such as how the clinical 

burden for the patient affects the psychosocial burden for patients and parents. Is there a 

relationship between the psychosocial burden of patients and parents’? To what extent 

are the clinical and psychosocial burdens related to the patients’ age?

The adult thalassaemia intermedia patients, showed a strong correlation between a high 

psychosocial burden and a high clinical burden. This concurs with a UK study by Ratip 

et al (1995).

In the adult thalassaemia intermedia patients the severe score for anxiety, self-image, 

feelings of difference, social integration, isolation and stigmatisations indicates why 

thalassaemia patients often do not do well clinically, as they give up hope of leading a 

normal life: such as getting married and having a family.

Amongst the patients 5-16 years of age, there was a positive correlation between the 

degree of psychosocial burden and the clinical phenotype (Fig.5.2a). There was no 

significant correlation for patients under the age of 5 years. Additionally, there was a 

significant positive correlation between psychosocial score and the patient’s age as 

shown in Fig.5.2b. The older the patient, the higher was their psychosocial score; 

(asymptomatic patients diagnosed during this study were excluded). This is because the 

older the patient, the more aware they are of their thalassaemia (such as any 

thalassaemic facial characteristics and delay in puberty), and the differences between 

them and their unaffected fiiends. This shows that it is essential for support to be 

provided for patients at this early age: such as psychosocial support, but also very 

importantly, an endocrinological monitoring for these patients.

It is, however, worth pointing out that the high psychosocial scores among this group of 

patients could be due to the patients’ questionnaire being completed by their parents. 

The answers, therefore, could be based on the parents’ views rather then the patients’ 

views. In discussions with patients in the UK, it was felt by the patients that they have a 

different view to the disease than their parents have, as it is part of their life and they
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have known no other different life. In contrast, their parents have lived a “thalassaemia- 

free life” in the past. Possibly, the psychosocial score of these patients would be 

lowered if they were able to answer the questions themselves.

o

o

Cu
< 5  years o ld  >  5 and <  16 years o ld  

A g e  in terv a l

Adult

G E N O T Y P E  

°  Homo -90 

°  +22/IVS 11-745 

cd37/ IVS 1-6 

°  Homo Cd 8 

°  cd 3 0 /IVS 1-6 

D Homo IVS 11-848 

°  Homo Cd 6 (-A) 

°  Homo IVS 1-6

Figure: 5.5. Illustrating the wide range of psychosocial burden for 
homozygous IVS 1-6 patients, and a comparison with other genotypes.

This study shows that there was no correlation between the patient’s psychosocial 

burden (both adults and children), and their parent’s psychosocial scores (as shown in 

Fig 5.4a); and between the parent’s psychosocial scores and the patients clinical burden 

score (Fig. 5.4b). Contrary to what has been previously reported from a study among 

thalassaemia major patients in Turkey that showed a weak correlation (Canatan et al., 

2002), a study among thalassaemia patients in Canada (Klein et al., 1998) and the UK 

(Ratip & Modell 1996); (Ratip et al., 1995) showed a strong positive correlation.

Middle Eastern societies have different attitudes, social and cultural beliefs; therefore, 

psychosocial integration is expected to be different from that in the UK and developed 

countries’ expectations. This is so because family sizes are larger; there is a lack of 

social awareness; and a total division of labour in household responsibilities between 

the mother and the father, where usually the mother is the prime carer within the
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household while the father is only the breadwinner. Additionally, in this study, 50% of 

the families had more than one thalassaemic child

This study also finds that the younger the patients, the lower the psychosocial score. At 

the same time, the parents show more signs of worry, anxiety and confusion.

This study’s findings agree with those of Ratip et al (1995) that the psychosocial burden 

of parents was influenced by their attitude towards the disease, which was reflected by 

personal factors: such as education; support from their spouses and relatives; the 

number of affected children in the family; other medical or serious problems beside 

thalassaemia (Fig 5.4a); social and cultural beliefs; and education. This study tried to 

evaluate the effect of such variables, but it was rather difficult because all these 

variables overlapped with each other and were not separated.

However, if society were educated about the disease, and couples became aware that 

premarital screening was possible, and were informed about the options available to 

avoid having an affected child, without doubt the situation would be undemanding and 

attitudes would probably change.

A large proportion of parents would undergo prenatal diagnosis (PND) if available, and 

would terminate an affected pregnancy. This was interesting, as the majority of patients 

had mild to moderate phenotypes. But 85% of parents experienced anxiety, which 

reflects why a large proportion of parents would undergo PND and terminate an 

affected fetus. Also, 18% said they would wish to know if the baby would be mildly or 

severely affected with thalassaemia intermedia, as they would consider not terminating 

a mildly affected fetus. This gives clear evidence that expert genetic counselling should 

be offered to these at-risk couples: they should be given information on the possible 

outcomes of an affected fetus, but also the psychosocial burden associated with 

thalassaemia intermedia as, within one genotype, there is a wide spectrum of 

psychosocial burden.

In Jordan, basic clinical services for thalassaemia patients are available but expertise on 

managing thalassaemia intermedia patients and psychosocial support is hard to find.
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Some doctors try to provide such support but are severely handicapped by time and 

resources.

The results of this study emphasise the need for good clinical management of 

thalassaemia intermedia. Offering psychosocial support to the family should be an 

integral part of the total management of thalassaemia patients

Furthermore, the quantitative analysis of the psychosocial burden depends on a person’s 

personal attitude towards the disease; and the degree of severity will vary according to 

the person’s attitude. Accordingly, measurement of the psychosocial burden is a 

relative approximation and is sensitive to the person’s own experience and coping 

mechanisms. It is also dependent, very heavily, on the clinical support available. With 

improved clinical and psychological care, the attitude of the patients and parents is 

likely to change.
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Table: 5.5. Psychosocial studies on the thalassaemia’s
Author Type of 

thalassaemi
Country N Results

This study TI Jordan 59
(42 TI patients 
Homozygous 
IVS 1-6)

Canatan D., et al 
2002

TM Turkey 131

Di Palama, et al, 
1998
Klein et al, 1998

TM Italy

Canada

109

24

Adults: anxiety 75%, stigmatisation 65%, social isolation 65% with 15% severe, social 
integration 50%, self image affected 50%, sport activity affected 45%, feelings of difference 
40%, family adjustment 30%, education affected 30%, serious social problems 25%, 
unemployment 25%, marriage break-down 5%.
Children: family adjustment 6 6 %, anxiety 51%, sport activity affected 44%, feelings of 
difference 44%, stigmatisation 40%, social isolation 23%, education affected 13%, social 
interaction 8%.

A high psychosocial burden for paediatrics patients correlated with age.
A high psychosocial burden for patients correlated with a high clinical burden.
Parents: anger and guilt 98%, social isolation 96%, anxiety 8 6 %, social life affected 50%, 
denial 40%, family adjustment 22%, family planning affected 60%, PND take up 75% and 
17.6% considered not to terminate affected pregnancy if guaranteed to have a mild clinical 
phenotype.

A high psychosocial burden for patients did not correlate with a high psychosocial burden for 
the parents.

Adults: anxiety 84%, feelings of difference 50%, education and social integration affected 
47%.
Children: education affected 60%.
Parents: anxiety 82%, employment affected in 47%, social isolation 26%, confusion 14%, 
severe family adjustment problems 6 %, breakdown 1.8%. PND uptake if available 93%.
A high psychosocial burden for patients weakly correlates with a high psychosocial burden for 
the parents

Adults: social adjustment, self-esteem, self-description and family relationships not affected.

A high psychosocial burden for patients correlates with a high psychosocial burden for the 
parents
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Author Type of Country 
thalassaemi 

a

N Results

AydinB., et al., 1997

Ratip & Modem 996 TM 
TI
E/ p-thal.

Ratip S. et al., 1995 TI

Tsiantis J., et al., 
1996

TM

Beratis, S., 1993

Politis C., et al., 1990

Tsiantis, J., 1990 TM

De Kaloustian et al., TM
1987
Massaglia P. & 
CaprignanoM. 1985 
Sherman M., et al.,
1985
Woo R., et al., 1985

Turkey

UK

UK

Greece, 
Italy, UK & 
Cyprus 
Greece

Greece &
Italy
Greece

25

27
27
14

28

188

57

283

40

54

280

Lebanon 

Italy 

United State 23 

United State 22

Children; low self-image, increased anxiety.

Adults (TM): anxiety 77%, social integration affected 67%, feelings of difference 24%.
Parents (TM): anxiety 8 8%, employment affected 31%, confusion, family adjustment and 
social isolation 19%, no marital breakdown, PND uptake 100% for TM (Mediterranean), 81% 
for TI (Mediterranean) and 56% TI (Bangladeshi) parents.
A high psychosocial burden for patients correlates with a high psychosocial burden for the 
parents.

Adults: stigmatisation in 67%, feeling different 62%, anxiety 57%.
Parents: Perinatal uptake if available 81%, and termination of affected pregnancy,
A high psychosocial burden for patients correlated with the age.
A correlation was found between a high psychosocial burden and a high clinical burden.
A high psychosocial burden for patients correlates with a high psychosocial burden for 
the parents.
Parents: marital breakdown 7% for Greek parents, 5% for Italian parents, and 0% for Cypriots 
parents in UK

Children: education unaffected, family and social problems 23%.

Adults: 25% feeling of difference.

Children: anxiety common in patients with thalassaemic facial characteristics.
Parents: anxiety is common.
Parents: confusion 48%, Perinatal uptake if available 75%.

Children: education not affected, feeling of differences.
Parents: guilt and denial
Children: low self-esteem 23%, poor psychiatric adaptation with dysmorphic moods.

Adults: anxiety 6 6 %, feeling of differences 54%, social activities reduced 82%
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CHAPTER 6

EPIDEMIOLOGY OF THE HAEMOGLOBINOPATHY

IN JORDAN

Haemoglobin disorders are the commonest inherited disorders in Jordan. Analysis of the 

situation in Jordan is essential before a large-scale community-based prevention 

programme for these disorders can be initiated (Alwan & Modell 1997).

This chapter aims to study the epidemiology of haemoglobin disorders in the major 

cities of Jordan. Premarital screening is now being introduced in Jordan; therefore, the 

service requirements for premarital screening are discussed here. The information is 

also used to provide a basis for calculating the number of affected children bom each 

year in Jordan.

The estimated population in Jordan, and the age distribution of the population was 

reported in the United Nations Demographic yearbook (UNDY) 1999. The population 

by city is from the Jordan Annual statistical Report 2001 (www.moh.gov.jo) (Table

6.2). The total population is 5.182 millions, the cmde birth rate is 28 births/ 1,000 

population, the infant mortality rate is 28.8 deaths/ 1 ,0 0 0  infants bom, and 

approximately 10.8% of the population is aged between 20-24 years of age. This gives 

an indicator of the expected numbers for premarital screening.

6.1. Beta Thalassaemia Carrier Rate

The presence of different ethnic groups in Jordan affects the gene frequencies. The 

historical events that have taken place play a major role in the ethnic heterogeneity of 

the population; additionally, the political situation has been reflected by a huge 

migration of Palestinians to Jordan.

Table 6.1 shows the estimated carrier frequency in each city in Jordan, and the 

estimated ethnic mix of the population. The prevalence of thalassaemia carriers among 

Jordanian/ Bedouins in different regions in Jordan has not been thoroughly investigated. 

The only study available was in the North-Eastem Badia region of Jordan, with a
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p-thalassaemia carrier frequency of 3% (Babiker M.M. et al., 1999). Therefore, it is 

assumed that Jordan/ Bedouins have similar carrier prevalence to Palestinians.

■ Palestinian origin
□ Irbid
□ Rest (Bedouin & others)

« 50%
I  40%
^  30%

E 20%
^  10%

Thalassaemia major Thalassaemia Total (279)
(172) intermedia (107)
Ethnic origin of Jo rd an ian  T halassaem ia  P a tien ts

Figure 6.1. Shows the percentage of each ethnic group among thalassaemia 
major and intermedia patients.

However, in order to avoid over-estimating thalassaemia frequency among Jordanians 

from other origins including the Bedouins, a conservative 2.2% carrier frequency was 

used. This also fits with the finding in chapter 3 (see Fig. 6.1).

6.2. Calculation of annual affected births

The calculation of genotype frequencies based on allele frequencies was done according 

to the Hardy-Weinberg equation (H-WE): p̂  + 2pq + q̂  = 1, where p = the 

haemoglobinopathy gene frequency, and q = the Hb A gene frequency, e.g. the carrier 

rate for p-thalassaemia in Amman is 2.9% (0.03) (Table 6.2). Therefore:

• Gene frequency (p) will be of the carrier rate, as each carrier has one normal 

and one p-thalassaemia gene= Vi (0.03)= 0.015.

• The frequency of normal gene (q) will be 1-p =(1-0.015) = 0.985.

• The number of p-thalassaemia homozygotes (p )̂ per thousand will be (0.015)^ 

= 0.225 per thousand.

• This frequency requires a correction factor for consanguineous marriages. The 

coefficient of inbreeding (F) is (0.0225) which is the probability that an 

individual will inherit two genes at a locus that is identical by descent: i.e. from 

a common ancestor (Khoury S.A. et al., 1992; Alwan A. & Modell B., 1997).
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Table; 6.1. The estimated carrier frequency in each city in Jordan and the 
estimated ethnic mix of the population

Abbreviation Ethnic group
Est'd % 

Palestinian
Population,
thousands

%
AS

%
3 -  thalassaemia

Total % 
Beta variant 

carriers
Amman Palestinian 60 1183.05 0.44 '̂) 35(4). (5) 3.94
Amman Jordanian 40 788.7 0.44̂ )̂ 2 2 *  (0.(2), (3) 2.64
Amman Amman Total 1971.75 0.44 2.98 3.42
Irbid Palestinian 50 462.235 l(l),(2 ).(7 ) 3 ^ ( 1) ,(2).(4) 4.5
Irbid Jordanian 40 369.788 0.44 (1) 2.2 2.64
Irbid N Jordan Valley 10 92.447 3.2^^ 5.93̂ )̂ 9.13
Irbid Irbid Total 924.47 0.996 3.223 4.219
Zarqa Palestinian 80 652.104 0.44 3.5 3.94
Zarqa Jordanian 20 163.026 0.44 2.2 2.64
Zarqa Zarqa Total 815.13 0.44 3.24 3.68
Balqa Palestinian 50 169.97 0.44 3.5 3.94
Balqa Jordanian 50 169.97 0.44 2.2 2.64
Balqa Balqa Total 339.94 0.44 2.85 3.29
Mafraq Palestinian 30 71.667 0.44 3.5 3.94
Mafraq Jordanian 70 167.223 0.44 2.2 2.64
Mafraq Mafraq Total 238.89 0.44 2.59 3.03
Karak Palestinian 20 41.663 0.44 3.5 3.94
Karak Jordanian 80 166.652 0.44 2.2 2.64
Karak Karak Total 208.315 0.44 2.46 2.9
Jarash Palestinian 50 76.175 0.44 3.5 3.94
Jarash Jordanian 50 76.175 0.44 2.2 2.64
Jarash Jarash Total 152.35 0.44 2.85 3.29
Madaba Palestinian 10 13.214 0.44 3.5 3.94
Madaba Jordanian 90 118.926 0.44 2.2 2.64
Madaba Madaba Total 132.14 0.44 2.33 2.77
Ajlun Palestinian 10 11.504 0.44 3.5 3.94
Ajlun Jordanian 90 103.536 0.44 2.2 2.64
Ajlun Ajlun Total 115.04 0.44 2.33 2.77
Aqaba Palestinian 50 52.08 0.44 3.5 3.94
Aqaba Jordanian 50 52.08 0.44 2.2 2.64
Aqaba Aqaba Total 104.16 0.44 2.85 3.29
Ma'an Palestinian 5 5.0525 0.44 3.5 3.94
Ma'an Jordanian 95 95.9975 0.44 2.2 2.64
Ma'an Ma'an Total 101.05 0.44 2.27 2.71
Tafiela Palestinian 5 3.93825 0.44 3.5 3.94
Tafiela Jordanian 95 74.82675 0.44 2.2 2.64
Tafiela Tafiela Total 78.765 0.44 2.27 2.71
JORDAN JORDAN 5182 0.54 2.95 3.49

^^^Bashir N. et al., 1991); ^^^Bashir N. et al., 1992); ^^\Sunna et al., 1996); '̂^\E1-Latif et 
al., 2002);®(Filon D., et al., 1995);®(Babiker M.M. et al., 1999);‘’>WHO, 1994 updated 
2003. * Estimated frequency in this study.
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Therefore homozygotes = + Fpq = 0.225+(0,0225 x 0.015 x 0.985) = 0.557 per

thousand. The homozygote conceptions/ 1,000 in each city is shown in Table 6.3. The 

estimated number of homozygous conceptions/ 1 ,0 0 0  for p-thalassaemia major, sickle 

cell disease and HbS/p thalassaemia overall in Jordan was 0.716 per thousand (Table

6.3). The highest estimate was for Irbid. This is due to the inclusion in the calculation of 

the North Jordan Valley population, who have a high prevalence of p-thalassaemia and 

sickle cell trait (9.1 %), (see Table 6.1).

The homozygous conceptions with a pathological haemoglobin disorder were calculated 

for the different cities in Jordan (Table 6.3). The estimated total number of annual births 

is 103 with 80% from Amman, Irbid and Zarqa. Approximately 10% of the affected 

births are homozygous sickle cell, and 12% are Hb S/ p thalassaemia.

In Jordan, approximately 1,000 patients affected with thalassaemia have been reported, 

with 50-60 new cases diagnosed every year. The calculation suggests that this number is 

an underestimate, probably because the annual number of pregnancies is increasing as 

shown by the population age distribution (chapter 3). Therefore, this figure needs to be 

calculated regularly. Also, the infant mortality rate is relatively high (28.8/1000); 

therefore, some children may die undiagnosed, and, as found in chapter 3, some patients 

are clinically mild and remain undiagnosed.

The estimated homozygote conception rate for sickle cell was 0.071/1000, and the 

higher rate (0.6/1000) was found to be in the North Jordan valley. 15.6% of the 

estimated annual homozygous sickle cell newborns are in the North Jordan Valley.

These findings raise the issue for a selective approach of neonatal screening in these 

high prevalence areas (Sunna El., et al, 1996), as early treatment including prophylactic 

penicillin can improve both morbidity and mortality of patients affected with sickle cell. 

From the estimated annual newborns (2.89 thousand), and the homozygous conception 

rate (0 .6 / 1 0 0 0 ), it is calculated that approximately 1-newborn will be diagnosed for 

every 1,667 infants bom.
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6.3. Calculations for annual number of carrier births

Using the carrier frequencies in Table 6.1, the annual number of carrier births was 

calculated, which is equal to thousands of annual births x carrier prevalence in each 

city. It was estimated to be 5.1 thousand per year, with 75% in Amman, Irbid and Zarqa 

(Table 6.2) and (Fig.6.2). This is the same as the estimated pregnant carriers’ per year 

who should be targeted for screening.

6.4. Premarital Screening

The estimated annual number of new couples reaching the age of marriage and thus 

requiring pre-marital screening is shown in Table 6.4. A total of 50,000 couples per year 

will require screening. At present, both partners are tested; therefore, approximately 

100,000 individuals require testing. Of these, 3.5% (3,500 individuals) will carry a 

haemoglobin disorder and will require counseling.

It is also estimated that there will be 144 new at-risk couples per year identified through 

premarital screening (Table 6.4). These couples will require specialist genetic 

counseling, and DNA testing to identify their genotype.

The annual pregnancies where both parents carry beta variants (at-risk pregnancies) 

were estimated to be 415 per year (annual homozygous conception/ year x 4) (Table

6.3), with 77% of at-risk couples residing in Amman, Irbid and Zarqa. Most of these 

couples married before the premarital screening law was introduced. Therefore, 

screening of already married couples during or before pregnancy should be a 

complementary approach to premarital screening, for at least the next 15 years. These 

couples will also require specialist genetic counselling, DNA studies to identify their 

genotype, and the offer of prenatal diagnosis.
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Table; 6.2. Summary of the estimated frequency for carriers, and new carriers bom each year (thousand) in each city of Jordan

Demography UNDY 1999 % Carriers Carriers born/year (thousands)

1
1
t

Î
1

1

1 " l u

ill
Ï

!j
«S 2 <

.2

.2

ŷ es M
i
<

!
cL

%

I
I

Amman 1,971.8 55.21 212.95 0.44 2.98 3.42 0.24 1.65 1.89
Irbid 924.5 25.89 99.84 1 .0 0 3.22 4.22 0.26 0.83 1.09
Zarqa 815.1 22.82 88.03 0.44 3.24 3.68 0 .1 0 0.74 0.84
Balqa 339.9 9.52 36.71 0.44 2.85 3.29 0.04 027 0.31
Mafraq 238.9 6.69 25.80 0.44 2.59 3.03 0.03 0.17 0 .2 0

Karak 208.3 5.83 22.50 0.44 2.46 2.90 0.03 0.14 0.17
Jarash 152.4 4.27 16.45 0.44 2.85 3.29 0 .0 2 0 .1 2 0.14
Madaba 132.1 3.70 14.27 0.44 2.33 2.77 0 .0 2 0.09 0 .1 0

Ajlun 115 3.22 12.42 0.44 2.33 2.77 0 .0 1 0.08 0.09
Aqaba 104.2 2.92 11.25 0.44 2.85 3.29 0 .0 1 0.08 0 .1 0

Ma'an 101 .1 2.83 10.91 0.44 2.27 2.71 0 .0 1 0.06 0.08
Tafiela 78.8 2 .2 1 8.51 0.44 2.27 2.71 0 .0 1 0.05 0.06
JORDAN 5,182 145.10 559.66 0.54 2.95 3.49 0.78 4.29 5.07

245



Table: 6.3. List of the estimated numbers of homozygotes conception/1,000; the annual homozygotes conceptions; and the annual

Beta and sickle homozygotes 
conceptions/1 ,0 0 0

Annual P-thal or sickle or sickle / P- 
thal homozygotes conceptions

Annual pregnancies both parents carry 
beta variants

1
1
o 8

1
u*0
*5*
S

1 il
II g

.S

1
ca

ke
1
.2

1
1

ill %

a
!
1

.2

! ,
2  f

h
1 1

I I
Amman 0.053 0.064 0.561 0.679 3.0 3.5 31.0 37.5 11 .8 14.2 124,0 150.0
Irbid 0.149 0.197 0.643 0.989 3.9 5.1 16.7 25.6 15.4 20.4 6 6 .6 102.4
Zarqa 0.053 0.07 0.627 0,75 1.2 1.6 14.3 17.1 4.9 6.4 57.2 68.5
Balqa 0.054 0.061 0.529 0.644 0.5 0 .6 5.0 6.1 2 .0 2.3 20 .1 24.5
Mafraq 0.054 0.056 0.463 0.573 0.4 0.4 3.1 3.8 1.4 1.5 12.4 15.3
Karak 0.054 0.053 0.431 0.537 0.3 0.3 2.5 3.1 1.3 1.2 1 0 .0 12.5
Jarash 0.054 0.061 0,529 0.644 0 .2 0.3 2.3 2.7 0.9 1.0 9.0 1 1 .0

Madaba 0.054 0.05 0.398 0.502 0 .2 0 .2 1.5 1.9 0 .8 0.7 5.9 7.4
Ajlun 0.054 0.05 0.398 0.502 0 .2 0 .2 1.3 1.6 0.7 0 .6 5.1 6.5
Aqaba 0.054 0.061 0.529 0.644 0 .2 0 .2 1.5 1.9 0 .6 0.7 6 .2 7.5 .
Ma'an 0.054 0.049 0.382 0.484 0 .2 0 .1 1.1 1.4 0 .6 0 .6 4.3 5.5
Tafiela 0.054 0.049 0.382 0.484 0.1 0.1 0 .8 1.1 0.5 0.4 3.4 4.3
JORDAN 0.071 0.086 0.559 0.716 10 .2 12.5 81.1 103.8 40.9 50.1 324.3 415.3
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Table: 6.4. Summary of the estimated numbers of couples at the age of marriage; the armual number of new couples both carriers

Annual new Couples 
(thousand)

Annual new couples of carriers of beta or 
alpha variants

Couples, and pregnancies, both parents carry 
beta or alpha variants /1 ,0 0 0  couples

CLS
i
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1

1
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|{X cn.

;
Amman 42.59 19.17 4.1 4.9 43.0 52.1 0 .2 1 0.26 2.25 2.72
Irbid 19.97 8.99 5.4 7.1 23.1 35.6 0.60 0.79 2.57 3.96
Zarqa 17.61 7.92 1.7 2 .2 19.9 23.8 0 .21 0.28 2.51 3.00
Balqa 7.34 3.30 0.7 0 .8 7.0 8.5 0 .2 1 0.25 2 .1 2 2.57
Mafraq 5.16 2.32 0.5 0.5 4.3 5.3 0 .2 1 0 .2 2 1.85 2.29
Karak 4.50 2.03 0.4 0.4 3.5 4.4 0 .2 1 0 .2 1 1.72 2.15
Jarash 3.29 1.48 0.3 0.4 3.1 3.8 0 .2 1 0.25 2 .1 2 2.57
Madaba 2.85 1.28 0.3 0.3 2 .0 2 .6 0 .2 2 0 .2 0 1.59 2 .0 1

Ajlun 2.49 1 .1 2 0 .2 0 .2 1.8 2 .2 0 .2 2 0 .2 0 1.59 2 .0 1

Aqaba 2.25 1.01 0 .2 0 .2 2.1 2 .6 0 .2 1 0.25 2 .1 2 2.57
Ma'an 2.18 0.98 0 .2 0 .2 1.5 1.9 0 .2 2 0 .2 0 1.53 1.94
Tafiela 1.70 0.77 0 .2 0.1 1.2 1.5 0 .2 2 0 .2 0 1.53 1.94
JORDAN 111.93 50.37 14.2 17.4 11 2 .6 144.2 0.28 0.35 2.24 2 .8 6
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Figure 6.2. Showing: (a) the estimated percentage o f p-thalassaem ia and
sickle cell carriers in each city; (b) the estimated number (thousands) 
o f both p-thalassaemia and sickle cell carriers; and (c) the estimated 
numbers for new-born carriers per year, and also representing the 
number o f pregnant carriers’.
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6.5. Genotype frequency and homozygous genotype

The prevalence of each mutation among thalassaemia major and thalassaemia 

intermedia was investigated in Chapter 3. Approximately 80% of thalassaemia 

intermedia patients and 2 0 % of thalassaemia major patients were included in this study. 

The assumption that the group of thalassaemia intermedia and thalassaemia major 

patients included in this study is a representative group will be broadly valid, but may 

underestimate prevalence of very severe or very mild asymptomatic mutations.

Calculation of the probable frequency of the p-globin mutation in Jordan; the frequency 

of each homozygous genotype by random; and consanguineous mating is shown in 

Table 6.5.

A correction factor for the prevalence of each mutation among each group was used; 

and the gene frequency was multiplied by 0 .8  for thalassaemia major and by 0 .2  for 

thalassaemia intermedia patients (Table 6.5): i.e. the frequency of the IVS I-llO 

mutation among thalassaemia major and thalassaemia intermedia patients is 23% and 

4.7% respectively. Therefore the gene frequency among the total population of 

thalassaemia major will be 0.184, which is equal to (0.23x0.8), and 0.0094 among the 

total population of thalassaemia intermedia patients (0.047x0.2). The sum of each 

frequency will be equal to the total frequency of the gene among p-thalassaemia 

patients (0.1934). Assuming the carrier frequency for p-thalassaemia in Jordan is 3.5%, 

the gene frequency of IVS I-110 (p) in the whole population will be equal to (0.1934 x 

3.5/200).

The probability of affected homozygous births by random mating is equal to (p^). 

Considering the high rate of consanguineous marriages among couples, the probability 

of allele mating for the homozygous genotype can be estimated by the following 

equation (p^+Fpq), where F is the average inbreeding coefficient and is equal to 0.0225, 

and p=l-q, (see Table 6.5).
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Table: 6.5. The probability of random mating between the alleles resulting in homozygous and compound heterozygous genotypes

A llele G ene frequency  
am ong  

TM  
This study

Estim ated gene  
frequency  

Total 
TM

G ene frequency  
am ong  

TI
This study

Estim ated
Frequency

Total
T I

Total Frequency  
am ong Thalassaem ia  

Population

G ene frequency  
Am ong carriers 

(P)

q = (l-p ) H om ozygous 
conceptions by  
random m ating  

(p2)

H om ozygous 
conceptions by  
consanguineous 

m ating  
(p2 +(0 .0225xqp)

IV S I -llO 0.23 0.184 0.047 0.0094 0.1934 0.0033845 0.9966155 0.000011 0.0000873

IV S I-1 0 .169 0.1352 0.005 0.001 0.1362 0.0023835 0.9976165 0 .000006 0 .0000592

Cd 37 0.084 0,0672 0.019 0.0038 0.071 0.0012425 0.9987575 0.000002 0.0000295

IVS 11-745 0.07 0 .056 0.009 0.0018 0.0578 0.0010115 0.9989885 0.000001 0.0000238

Cd 39 0.067 0.0536 0 0.0536 0.000938 0.999062 0.000001 0.0000220

C d51-C T ) 0.055 0.044 0 0.044 0.00077 0.99923 0.000001 0.0000179

Cd 8(-A A ) 0.026 0.0208 0.009 0.0018 0.0226 0.0003955 0.9996045 0.000000 0.0000091

Cd 6 (-A ) 0.017 0.0136 0.037 0.0074 0.021 0.0003675 0.9996325 0.000000 0.0000084

IVS 1-5 0.026 0.0208 0 0.0208 0.000364 0.999636 0.000000 0.0000083

Cd 15 (G -A) 0.012 0.0096 0 0.0096 0.000168 0.999832 0.000000 0.0000038

Cd 30  (G -C ) 0.003 0.0024 0.023 0.0046 0.007 0.0001225 0.9998775 0.000000 0.0000028

IV S 1-6 0.099 0.0792 0.528 0.1056 0.1848 0.003234 0.996766 0.000010 0.0000830

i v s n - 1 0.061 0.0488 0.154 0.0308 0.0796 0.001393 0.998607 0.000002 0.0000332

-30 0.023 0.0184 0.009 0.0018 0.0202 0.0003535 0.9996465 0.000000 0.0000081

IV S 11-848 0.006 0.0048 0.051 0.0102 0.015 0.0002625 0.9997375 0.000000 0.0000060

-87 0 0.037 0.0074 0.0074 0.0001295 0.9998705 0.000000 0.0000029

Cd 27 0.006 0.0048 0.005 0.001 0.0058 0.0001015 0.9998985 0.000000 0.0000023

C d l 0.006 0.0048 0 0.0048 0.000084 0.999916 0.000000 0.0000019

-29 (A-C ) 0.006 0.0048 0 0.0048 0.000084 0.999916 0.000000 0.0000019

Cd 26 0.003 0.0024 0 0.0024 0.000042 0.999958 0.000000 0.0000009

-90 0 0.009 0.0018 0.0018 0.0000315 0.9999685 0.000000 0.0000007

22 0 0.009 0.0018 0.0018 0.0000315 0.9999685 0.000000 0.0000007

-88 0 0.005 0.001 0.001 0.0000175 0.9999825 0.000000 0.0000004

(5 3 ) Sicilian 0 0.005 0.001 0.001 0.0000175 0.9999825 0.000000 0 .0000004

H b S 0.032 0.0256 0 0.0256 0.000448 0.999552 0.000000 0.0000103

Total 0.8008 0.1922 0 .993 0.0173775 0.9826225 0.000302 0.0006862
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The ratio of each homozygous genotype by consanguineous mating relative to random 

mating is also shown in Table 6 .6 . The high ratio among the rare mutations is due to the 

assumption of random mating, which falls with rare mutations. Thus, the genotype is 

unlikely to occur except by consanguineous mating. However, the data show that the 

percentage of pure homozygous genotype is 5.5 times higher by consanguineous mating 

(Table 6 .6 . and Fig.6.3); while the proportion of the mild genotype is relatively the 

same in both mating (see Table 6 .6 ).

Table: 6 .6 . Showing a comparison between the homozygous genotype for the p -

Mutation group Allele Random, Affected 
births/1000

Consanguineous 
Affected, Birth 

/lOOO
Consanguineous

/random
Severe IVS I-llO 0.0115 0.0873 7.63
Severe IVSI-1 0.0057 0.0592 10.42
Severe Cd 37 0.0015 0.0295 19.09
Severe IVS 11-745 0.0010 0.0238 23.22
Severe Cd 39 0.0009 0.0220 24.96
Severe Cd5 f-CT) 0.0006 0.0179 30.2
Severe Cd 8(-AA) 0.0002 0.0091 57.87
Severe Cd 6 t-Al 0.0001 0.0084 62.2
Severe IVS 1-5 0.0001 0.0083 62.79
Severe Cd 15 tG-A) 0.0000 0.0038 134.91
Severe Cd 30 (G-C) 0.0000 0.0028 184.65
Mild IVS 1-6 0.0105 0.0830 7.93
Mild IVS II I 0.0019 0.0332 17.13
Mild -30 0.0001 0.0081 64.63
Mild IVS II-848 0.0001 0.0060 86.69
Mild -87 0.0000 0.0029 174.72
Mild Cd 27 0.0000 0.0023 222.65
Mild Cd 1 0.0000 0.0019 268.83
Mild -29 (A-C) 0.0000 0.0019 268.83
Mild Cd 26 0.0000 0.0009 536.69
Mild -90 0.0000 0.0007 715.26
Mild 22 0.0000 0.0007 715.26
Mild -88 0.0000 0.0004 1286.69
Mild (881 Sicilian 0.0000 0.0004 1286.69

Variant H bS 0.0002 0.0103 51.2
Homozygous genotype Total 0.0345 0.4247 12.3

Homozygous & compound 
heterozygous Total 0.3020 0.6862

% Pure homozygous 11.42 61.89
% Mild genotype 13.9 12.6
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Figure 6.3. Shows the difference in the probability o f homozygous genotype 
between consanguineous marriages and random mating.

6 .6 . Treatment Costs and the benefits of prevention

The estimated annual cost o f treating all registered thalassaemia patients (1,000 

patients) is US$ 5.5 million, with an annual increase if  no prevention o f US$ 0.566 

million (Table 6.7). The average minimum cost of patient care has been estimated at 

US$ 5,500 per patient per year (Alwan A. & Modell B. 1997). This estimate includes 

the cost o f iron chelation; transfusion (blood testing, nursing, hotel);, further laboratory 

and clinical investigations; and medical time. The treatment cost is expected to rise 

annually by at least US$ 5,500 multiplied by N (N= the annual thalassaemic births) 

(Alwan A. & Modell B. 1997).

On the other hand, the estimated annual cost for prevention based on premarital 

screening and prenatal diagnosis has been estimated at US$ 0.824 millions, and US$ 

1.648 million if  extended family screening for carriers is implemented (Alwan A. & 

Modell B. 1997) (see Table 6.7). The cost o f carrier screening depends on the laboratory 

methods used, local labour costs and the level o f information o f the population. The 

annual number o f tests required for premarital screening is one or two times the annual 

number o f marriages. The decision on whether one or both partners is or are screened
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depends on a variety of factors. However, the annual cost for premarital screening was 

estimated at (US$ 1000 X 4N) (Alwan A. & Modell B. 1997).

Extended family screening following the identification of a carrier would involve up to 

1 0 -2 0  additional tests per carrier diagnosed; therefore, the total cost of screening an 

annual cohort might be doubled to US$ 1000 X 8N, and the estimated annual cost for 

prenatal diagnosis is US$ 1000 X 4N(Alwan A. & Modell B. 1997).

cost (millions) if good management no prevention

cost (millions) if good management, screening and 
counselling, no PND
cost (millions) if good management and prevention

Cost effect of prevention

M  M . '  - J L .  %

y ears

Figure 6.4. Shows the costs of offering screening and prevention in the 
presence of successful management in a 10-year interval in Jordan.

In the absence of prevention, successful management can have unexpected cost 

implications: affected people survive into adult life instead of dying in childhood. At the 

same time, as new patients continue to bom, the number of cases requiring treatment 

rises and the cost of treatment rises cumulatively. Prevention helps to contain the 

number of affected people: i.e. in 1 0  years time, the total cost of management is 

estimated to be US$ 11.1 million, because each annual cohort of new patients survives 

and requires treatment for each subsequent year (Zn 1,000+103n) X US$5,500, where n 

=0-10 years; whereas the annual cost of prevention is relatively constant (see Table 6.7 

and Fig.6.4).
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Table: 6.7. Shows the estimated annual treatment cost for thalassaemia and the

Number of thalassaemia 
major: 1,000 patients.

a

l l
M  CL
= -i

!
ill ill ill

I

ill
I

l . i t
ÏÜÎ

1
S

f

1
H

Estimated annual cost for
all thalassaemia patients 5.5 0.566 0.412 0.412 0.824
(1000) 1** year N = 1 0 3 N = 1 0 3 N = 1 0 3 N = 1 0 3
Cumulative cost if good
management no 60.5 31.2 N o No No 91.7
prevention after (10 yrs)
Good management
screening and counselling 60.5 6* No 4.5 71
No PND after (10 yrs)
Good management &
prevention with PND 60.5 0** Yes Yes 9.0 69.5
after (10 yrs)

* A good prevention programme through premarital screening and public education 

with no PND diagnosis provided will reduce the number of affected children bom per 

year, but will not eliminate them it has been estimated that there will be a reduction in 

the number from 103 > 20 new patients per year.

** A good prevention programme including PND, no new affected children bom 

assuming all affected pregnancies are terminated.

6.7. Screening for thalassaemia in Jordan

Gharaibeh et al., in 1998 screened university students, couples attending for premarital 

screening, and parents who had affected children, and suggested national cut-off limits 

for MCV, below which HbAi estimation should be done to confirm the diagnosis of p- 

thalassaemia trait. The suggested MCV cut-off point was < 79.3 fL, and the cut-off 

point for HbA2 was > 3.3% (Gharaibeh N.S. et al., 1998). They found the prevalence of 

P-thalassaemia carriers to be 12.4% for the students, and 22.3% for the premarital 

couples, which is higher than reported by Bashir N. et al., 1991: 3.5-4%.
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In Jordan, premarital screening is optional, and couples with family members with 

affected children are much more likely to use the screening service, which may explain 

why Gharaibeh et al. found such a high prevalence of p-thalassaemia carriers.

6.7.1. Subject

This study was carried out in order to evaluate the cut-off points and to compare them to 

the suggested national cut-off points of Gharaibeh; and to find the limits for the mild 

mutations, which are prevalent in Jordan.

A total of 136 adult obligatory p-thalassaemia carriers were investigated. These carriers 

were the parents and relatives of the thalassaemia intermedia patients studied in chapter 

3. Red cell indices using the automated cell counter were done; the percentage of HbA, 

HbA2 and HbF was carried out using high performance liquid chromatography (HPLC); 

and the p-thalassaemia allele genotype was determined.

6.7.2. Results:

For the 136 p-thalassaemia carriers studied, the data is shown in Fig 6.5. The mean 

MCV was 63.9 (±5.2) fL, ranging from 54-78 fL; MCH was 19.9 (±1.9) pg, ranging 

from 16-25.7 pg; and the mean HbAi was 5.0 (± 0.9)% ranging from 3.1-7.1% (see 

Table 6 .8 ). A comparison between these findings and those of Gharaibeh et al., with the 

cut-off point is shown in Table 6.9.

70 of the p-thalassaemia carriers carried the IVS 1-6 (T^C ) mutation: their mean MCV 

was 65.5 (± 4.6) fL ranging from 56-75 fL; MCH 20.6 (±1.7) pg ranging from 16.8-25 

pg; and mean HbA2 4.4 (±0.6) % ranging from 3.1-6% (see Table 6.10 and Fig 6 .6 ). 

Interestingly, the carriers with the highest MCH (25.7 pg) had the -87 (C->G) mild p - 

thalassaemia mutation (Table 6.10). The remainder of the carriers had Cd 39 (G->A), 

Cd 6 (-A), Cd 8  (-AA), -90 (C-^T), +22 (G-+A), IVS I-llO (G-+A), Cd 30 (G-+C), IVS 

n-848 (C-+A), IVS I-l (G->A), IVS 1-5 (G->C), IVS 11-745 (C^A), and Cd 37 

(G->A) data not shown.
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Table: 6 .8 . Haematological data for 136 p-thalassaemia carriers

SEX HB MCV MCH HbA]
Male Mean 12.7 63.5 19.8 5.1

N 59 59 59 59
Std. Deviation 1.4 5.3 1.9 1 .0

Minimum 1 1 .0 54.0 16.0 3.4
Maximum 15.9 78.0 25.7 7.1

Female Mean 11.5 63.9 2 0 .0 4.9
N 77 77 77 77
Std. Deviation 0 .8 5.2 1.9 0.9
Minimum 8.5 54.0 16.6 3.1
Maximum 13.5 75.0 24.2 6 .8

Total Mean 1 2 .0 63.7 19.9 5.0
N 136 136 136 136
Std. Deviation 1.3 5.2 1.9 0.9
Minimum 8.5 54.0 16.0 3.1
Maximum 15.9 78.0 25.7 7.1

Table: 6.9. Estimated cut-off point for MCV, MCH and Hb A2 in 136 
p-thalassaemia carriers.

Mean
w

SD
(P)

Minimum Maximum This study 
Cut-off point

The National 
Cut-off point*

Hb(g/dl) 1 2 1.3 8.5 15.9
MCH (pg) 19.9 1.9 16 25.7 25.7
MCV (fL) 63.7 5.2 54 78 78 79.3
HbA] % 5 0.9 3.1 7.1 3.1 3.3
* (Gharaibeh NS., et al., 1998)
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Std. Dev = 1.90 

Mean = 19.9 

N = 136.00 0

16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0
16.5 17.5 18.5 19.5 20.5 21.5 22.5 23.5 24.5 25.5

MCH

Std. Dev = 5.19 

Mean = 63.7

N = 136.00

54.0 58.0 62.0 66.0 70.0 74.0 78.0
56.0 60.0 64.0 68.0 72.0 76.0

MCV

Std. Dev = .94 
Mean = 5.00

N= 136.00

3.00 3.50 4.00 4.50 5.00 5.50 6.00 6,50 7.00
3.25 3.75 4.25 4.75 5.25 5.75 6.25 6.75

HBA2

Figure 6.5. Showing the normal distribution of the MCH, the MCV and HB A] for 136 p-thalassaemia carriers. The mean MCH 
was 19.9; all data was below 26 (pg). The MCV for all carriers were below 80 (fL). The suggested Jordanian national cut
off point of Hb A] > 3.3% (Gharaibeh et al.,) would have missed three carriers (2.2%).
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Std. Dev= 1.71

Mean = 20.58 2

N = 70.00

17 00 18.00 19.00 20.00 21.00 22.00 23.00 24 00 25 00

17.50 1850 19.50 20.50 21 50 22.50 23 50 24 50

MCH

Std Dev = 4.60 

Mean = 65.5

56.0 60.0 64.0 68 0 72.0 76.0
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3.25 3.75 4.25 4.75 5.25 5.75

MCV HBA2

Figure 6 .6 . Showing the normal distribution for the MCH, MCV and Hb A2 for IVS 1-6 carriers. Four carriers had HbA] level 
<3.4%. Carriers with microcytic indices and borderline HbA] should be tested by molecular genetic analysis for mild 
mutations.
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Table: 6.10. Summary of blood indices within IVS 1-6 and -87 carriers:

MUTATION HB MCV MCH HBA2

IVS 1-6 Mean 12.3 65.5 2 0 .6 4.4
N 70 70 70 70
Std. Deviation 1 .2 4.6 1.7 0 .6

Minimum 9.7 56.0 16.8 3.1
Maximum 15.9 75.0 25.0 6 .0

-87 Mean 12.4 69.3 2 2 .2 5.9
N 7 7 7 7
Std. Deviation 1 .6 6 .1 2 .2 0.4
Minimum 1 1 .1 61.0 19.1 5.3
Maximum 14.6 78.0 25.7 6.4

This study shows the cut off limit for MCH, MCV below which HbA2 estimation should 

be performed to confirm the diagnosis of thalassaemia trait. The cut-off point for MCV 

is 78 (fL), which is lower than the suggested national one 79.3 (fL). In addition, the cut

off point for the MCH was 25.7 (pg). Gharaibeh et al. did not discuss using MCH, 

which is known to be a more sensitive value (Modell & Berdoukas, 1984). In their study 

among their reported obligatory carriers, a maximum MCH of 31.8 (pg) and MCV of 89 

(fL) were found, which is higher than their suggested cut-off point of 79.3 (fL). 

Additionally, the lower HbA2 value was 2.9%, which is lower than the suggested cut-off 

point of 3.3%. These latter carriers may have IVS 1-6. They did not carry out DNA 

analysis to identify the mutations associated with these high MCH and MCV and low 

HbA2 values. They provide no discussion about missing carriers when applying their 

suggested cut-off points.

Additionally, they reported 52/502 (10%) individuals with elevated HbA2 and no 

microcytosis in the premarital screening data, which questions the prevalence of P- 

thalassaemia carriers reported: 22.3%. Although some of these individuals may carry 

mild mutation, these data are not shown separately to allow for further analysis. They 

also reported 164/502 (32%) individuals with microcytosis alone, which they suggest is 

unlikely to be due to iron deficiency in this population, but probably due to a -  

thalassaemia. It is likely that some of these individuals cany the IVS 1-6 mutation, 

which highlights the need for the provision of molecular analysis in parallel to the 

premarital screening programme in this population.
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Using HbAi values <3.6% (Huisman THJ., 1997; The Laboratory Diagnosis of 

haemoglobinopathies 1998), this study would have missed 6  carriers (4.4%), and 3 

carriers using the cut-off points of Gharaibeh et al. The three individuals of this study 

were carriers for the IVS 1-6 (C->T) mutation.

6 .8 . Discussion:

This epidemiological analysis gives the service indicators required to implement 

premarital screening and prenatal diagnosis and good management of affected patients 

in the cities of Jordan. When the annual numbers of affected births are known, reliable 

projections can be made for future requirements of blood and drugs for the management 

of both thalassaemia and sickle cell disease. Alwan and Modell (2003) have calculated 

that, in the absence of prevention, the percentage of all possible blood donors needed at 

year 50, if no prevention is implemented, is 20%.

Primary prevention depends largely on pre-conception information, screening, and 

counselling. These data give an estimate of the number of individuals requiring testing 

and counselling if a comprehensive premarital screening programme is implemented. 

They also give an estimate of the number of at-risk couples requiring specialist genetic 

counselling and the offer of prenatal diagnosis.

There is good evidence to suggest that implementing policies for the prevention of 

genetic disorders leads to significant financial savings (Cao et al, 1987). The above 

figures estimated by Alwan and Modell (1997) are theoretical for the Eastern 

Mediterranean. It was not possible to work out the actual figures for Jordan for patient 

treatment and prevention, but the figures of Alwan and Modell clearly show that the 

costs of good management with no prevention exceed the costs of good management 

and prenatal diagnosis

The high prevalence of carriers in the country, together with the high rate of 

consanguineous marriages, also supports an extended family screening strategy, which 

is also suggested by Ahmed et al, (2002).
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The data are a good indicator of the genotype to be found in each city in Jordan. For 

instance, approximately 25 couples, ~ 16% of at-risk couples in Amman, are at risk of 

thalassaemia intermedia, and 50% of these would be at risk for homozygous IVS 1-6 

genotype. Therefore, genetic counselling should include information of this milder 

genotype. Data obtained from the thalassaemia intermedia (chapter 3.2), homozygous 

IVS 1-6 (chapter 4), and the psychosocial burden (chapter 5) show that at-risk couples 

would request prenatal diagnosis for this genotype. For this reason, it is very important 

to develop specialist genetic counselling for these at-risk couples: they should be 

informed about the possible outcomes of an affected fetus; the psychosocial burden 

associated with thalassaemia intermedia and the problems associated with homozygous 

IVS 1-6 genotype.

The demographic data showed that the largest thalassaemia burden was located in the 

three main cities: Amman, Irbid and Zarqa. These data emphasise the need for an 

integrated service for the prevention of haemoglobinopathies including screening, 

genetic counselling and the offer of prenatal diagnosis in these cities. Additionally, 

good patient management is an essential requirement when planning services.

Consanguineous marriage increases the couple’s chance of both individual carrying the 

same mutation. The homozygous birth/1000 sharing the pure homozygous genotype is 

approximately 5.5 times more than random mating, giving 62% pure homozygotes, but 

only 11.5% by random mating. Therefore, a family-orientated approach for screening 

becomes more efficient as it simplifies the challenge of DNA testing. Also, ambiguous 

screening results are more easily sorted, as molecular analysis can be carried out using 

mutations already identified in the family. This is also the case of ambiguous results, in 

the presence of iron deficiency.

Carriers for the mild p-thalassaemia mutations may present with marginal red cell 

indices and mildly elevated or normal HbA] levels. Therefore, it is important in the 

screening programme, if both partners are found to have inconclusive results or if one of 

the partners is a carrier of a haemoglobin disorder and the other is inconclusive, to carry 

out a risk assessment and test for the IVS 1-6 and -87 mild mutations.
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CHAPTER 7 

PRENATAL DIAGNOSIS OF THALASSAEMIA

The service of prenatal diagnosis was established at the University of Jordan in 

1996. The Ministry of Health was informed of the service, and it was advertised to at- 

risk patients attending maternity clinics. This work was done with the collaboration of 

the Perinatal Centre, UCL.

From 1996 to April 2000, 80 families attended for prenatal diagnosis, and 98 PND’s for 

p-thalassaemia were performed. Fig.T.la shows the number of PND per year and the 

method of fetal sampling carried out.

RESULTS

7.1. Fetal sampling and gestational age:

Fetal sampling was performed by transabdominal CVS sampling under ultrasound 

guidance. The mean gestational age at the time of sampling was 12 ± 2 weeks ranging 

from 9-33 weeks. 69.4% of fetal sampling was done at 11-12 weeks gestation, earlier 

CVS sampling (9-10 weeks) was carried out in 6 cases, and one PND was carried out at 

33 weeks of gestation. Fig. 7.2 represents the number of PND and the gestational age at 

the time of fetal sampling.

Out of the 80 couples requesting PND, 11 couples (13.75%) had it twice, two couples 

three times, another two couples had it four times, two more couples had it four times, 

and one couple had it six times. Four of these were in Jordan, and the first two in 

Cyprus. Fig. 7.1b shows the frequency of each number of PND performed. In total, 

there were 97 single pregnancies and 1 twin pregnancy. All patients were seen for 

counselling.

In addition to the CVS, whenever possible, 5-10 ml of amniotic fluid was also collected 

for karyotyping analysis, and to be used as a back-up sample for the fetal diagnosis of 

thalassaemia. The mean maternal age at the time of PND was 30 ± 5 years ranging from 

20-46 years.
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1996 1997 1998 1999 2000

PND p e r f o r m e d  / family

twice 3 times 4 times 6 times

Figure: 7.1. (a) Represents the number of samples performed each year
and the fetal sampling methods performed, (b) Shows the uptake number 
of PND within the families.

Frequency of CVS Vs week gestation

I  50 

I  40

week gestation

Figure: 7.2. Represents the gestational weeks when performing PND.

7.2. The reproductive status of the families:

Among the families who requested prenatal diagnosis 13/80 (16.3%) did not have an 

affected child. They were informed of testing either after attending for premarital 

screening or after marriage. Seven of them had an affected child in their extended 

families. 16/80 (20%) of couples requested prenatal diagnosis after having an affected 

child. 15/80 (19%) of families had one more child after the affected child, some of 

which were also affected. The parents then requested prenatal diagnosis (Fig. 7.3). This 

was because the prenatal diagnosis service was not available, and the couples decided to
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take the chance. Either that or the affected child presented with the disease when the 

mother was pregnant; or even after the birth of the second child.

P N D  a n d  th e  a ffec te d  ch ild  o r d e r  in th e  fa m ily

^  20

10

□  5 or m ore 

■  forth

□  third

□  seco n d

□  first

□  N one

B  B—B , B , H
4 5 6 7 8 9 10 11 12 15

CVS pregnancy number

Figure: 7.3. Shows the reproductive status of the families, the homozygous 
child order represents in different colours and is compared to the CVS 
pregnancy number.

In 44% of the families, the reproductive status of the couples was not affected by having 

one affected child or more, as they continued to have children: one couple requested 

PND in pregnancy number 12, while the affected child was the fourth child (Fig. 7.3).

7.3. Consanguinity among couples attend PND:

76% of couples were consanguineous: and 2"̂  cousins and 3"̂  ̂degree relatives.

7.4. Strategy for mutation detection:

Prior to fetal sampling, a full blood count (FBC), HPLC was carried out to confirm the 

carrier status in the parents, and then molecular analysis was carried out in the parental 

samples and also the affected child if present.

Mutation detection was carried out using ARMS-PCR and recently multiplex ARMS- 

PCR for the most common Mediterranean mutations: IVS I-l 10, IVS I-l, IVS 1-6, IVS 

II-1, IVS 11-745 Cd 37 and Cd 39, which account for 78% of the total p-thalassaemia

264



________________________________________________________________ Chapter 7

mutations in Jordan. Rare mutations were identified as previously described in Chapter 

3. Linkage studies were carried out by RFLP analysis using parental samples, and those 

of affected or normal children, or grandparents’ samples.

CVS samples can be contaminated with maternal deciduas tissue; therefore, careful 

dissection under a dissecting microscope was carried out to remove the maternal tissue. 

The clean CVS was divided into two tubes: A & B, which were analysed separately, and 

any excess tissue was kept in the fridge as a backup.

Fetal analysis was performed in duplicate and, whenever possible, by two different 

methods such as ARMS-PCR, and restriction enzyme digestion, or by linkage analysis: 

informative RFLPs haplotype analysis. The parental DNA and the appropriate control 

ON As were included in every CVS mutation analysis, as well as blanks to exclude any 

extraneous DNA contamination. Informative RFLPs were also used as a method to 

check for maternal contamination.

7.5. Results of fetal diagnosis and Follow up:

In the 98 foetuses (CVS’s) diagnosed, 27 (27.55%) were normal, 55 (56.1%) were 

heterozygous for thalassaemia, and 15 (15.3%) were affected: homozygous or 

compound heterozygous. One woman miscarried following CVS; the fetal sample was 

contaminated with maternal deciduas and was not suitable for analysis (Fig.7.4a). In one 

twin pregnancy, one fetus was found to be normal and the other was a carrier for the 

paternal allele.

In 80% of samples, maternal contamination testing was done by RFLPs. In 4%, testing 

was performed on cultured amniocyte and, thus, the risk of maternal contamination was 

minimised as culturing selects the fetal cells. In 16% of the cases, the RFLPs were not 

informative as the fetal samples had the same genotype as the mother. In these cases, 

maternal contamination was excluded by using reverse dot for Human Leucocytes 

Antigen (HLA) typing; a variable number of tandem repeats (VNTR); or by short 

tandem repeats (STRs) (see Fig. 7.4b).
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Figure: 7.4. (a) Represents the outcome of PND and the follow up result,
(b) Illustrates the method used to exclude maternal contamination.

7.6. Termination of pregnancy and follow up

All 15 women diagnosed with an affected fetus chose to terminate the pregnancy. 80% 

of children bom after prenatal diagnosis as normal or traits’ were available for follow- 

up. The prenatal diagnosis results were confirmed by HPLC or by DNA analysis. No 

misdiagnoses have been reported.

7.7. Time frame of prenatal diagnosis:

Fetal diagnosis results were usually reported within 3-7 working days. The fetal 

diagnostic report included all details about the types of DNA analysis method used, and 

clearly stated of the possible risk of misdiagnosis. Although there was no misdiagnosis 

in our service, we used the published UK data (Old et al., 1990).

7.8. Attitude of women attending for PND toward termination affected

pregnancy (TOP):

During counselling, the couples were asked about their attitude towards termination of 

an affected fetus. 6% of couples said they would terminate before 90 days gestation; 

75% of couples considered termination of an affected child within 120 days acceptable;
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14% of couples said they would terminate an affected pregnancy at any stage; and 5% 

of couples were unsure if termination was permissible within their religious beliefs. The 

fetus was not affected in these latter couples.

We did, however, counsel 5 couples opposed to the termination of pregnancy. Two of 

these women were pregnant: neonatal diagnosis showed normal genotypes. The other 3 

couples decided to not to have any more children.

7.9. Family awareness and screening:

During counselling, couples were asked if their families, relatives and friends were 

aware of their thalassaemia status. 6 couples (7.5%) said that no one was aware, 36 

couples (45%) said that only their immediate family was aware, and the remaining 38 

couples (47.5) talked openly about thalassaemia.

During counselling, we tried to make those couples aware of the importance of extended 

family screening.

7.10. Discussion:

7.10.1 Technical feasibility:

Prenatal diagnosis for thalassaemia was the first preventative genetic service to be set 

up in Jordan. For fetal diagnosis, ARMS-PCR was the method of choice, as it is 

accurate efficient, fast and cost effective. This method identifies 92.5% of mutations, 

and RFLPs analysis was used in the remaining cases.

The PCR-based methods have been found to have a low error rate (0.1%) in comparison 

with other fetal diagnostic methods such as: globin chain synthesis, and southern blot 

analysis (Old J., et al., 2000). The misdiagnosis reported was associated with fetal 

diagnosis based on RFLPs; while no errors were recorded by ARMS-PCR. In our 

service, no misdiagnoses were reported.

7.10.2 Fetal sampling

Chorionic villus sampling is the best approach for fetal sampling, because it can be 

performed in the first trimester of pregnancy, and the associated risk of miscarriage is 

less than 1% (Jauniaux et al., 2000).
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In the Jordanian service, 94% of fetal sampling was done by CVS; and 75% of fetal 

sampling took place between 11-12 weeks gestation.

When the service started, there were only two expert doctors from the Military Hospital 

who could perform CVS. The rate of miscarriage is related to operator skill, and CVS 

should be done at expert centres, where good ultrasound support is available. It is, 

therefore, necessary to focus on training obstetricians in Jordan to perform CVS.

7.11. Conclusion:

This study shows that prenatal diagnosis is technically feasible and is requested by 

couples in Jordan. The issue of termination of pregnancy (TOP) in an Islamic country is 

not completely resolved. Abortion is prohibited in Jordan unless it is performed to save 

the life of the woman, to preserve physical health or mental health. Many fatwas 

(religious opinions) have been made with conflicting statements regarding the time 

period during which termination of pregnancy is permissible. Jurists have been unable 

to agree on the point during development at which a fetus becomes ‘’infused with life” 

before which, termination would be permissible. There are two basic opinions: (1) 

abortion at any point following conception is to murder a created entity, and thereby 

forbidden; and (2), the fetus is created at a point following conception: some say 40 

days, some 90 days, some 120 days.

Data from the United Kingdom show that utilisation amongst the British Pakistani 

“Muslims” is very sensitive to gestational age at counselling; and uptake is greater when 

offered in the first trimester of pregnancy (Petrou, 1994; Modell et al., 2000). However, 

it seems from our patients that they have made thier own decisions, and most would 

terminate up to 120 days. Nevertheless, the women who did terminate a pregnancy 

found it very traumatic and had feelings of guilt. 10% of couples decided not to 

conceive again unless they could have preimplantation genetic diagnosis (PGD).

From the previous chapter (chapter 6), it was estimated that nearly 415 annual 

pregnancies are at risk of an affected child. This study showed that approximately 25 

PND were performed every year. Therefore, only 6% of at-risk couples undergo testing 

every year. This is may be because patients are unaware of the existing service, and also 

because most couples are unaware of the risk.
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Although the Ministry of Health covers the treatment for thalassaemia patients to some 

extent, prenatal diagnosis has only recently been included in health insurance. However, 

not all at-risk couples are covered by insurance for PND, other than civil and military 

servants. Other couples who have no medical insurance have to pay for the service, 

which is unaffordable for most.

Therefore, this study shows that there is a need for a systematic procedure in order to 

organize and integrate different facilities in the health service to provide a prevention 

service for thalassaemia in Jordan, which should include identifying at-risk couples. 

This has been addressed; to some extend, by the Health Service, which has set up a 

premarital, screening service. It also shows the need to provide antenatal clinic 

screening, and set up specialized genetic counselling services for thalassaemia. Training 

obstetricians to perform chorionic villus sampling is essential. Fetal sampling can be 

done at different centres in Jordan, and transported to the laboratories in culture 

medium. Finally, at least 1-2 specialized laboratories are necessary in Jordan to provide 

the genetic service.
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CHAPTER 8

PREIMPLANTATION GENETIC DIAGNOSIS (PGD)

I. INTRODUCTION

PGD requires combined expertise in the field of reproductive medicine together with 

molecular genetics and/or cytogenetics. It provides an early genetic diagnosis for an 

embryo before it is implanted into the uterus. It involves two stages: firstly, IVF for 

ovarian stimulation, monitoring and timing of oocyte retrieval, fertilization and embryo 

biopsy. Secondly, genetic diagnosis that is reliable and efficient is necessary to report 

the result in good enough time for embryo transfer to take place in the same cycle.

In 1988, the Hammersmith IVF team in London reported that the biopsy of up to two 

cells fi*om the eight-cell-stage embiyo did not affect the development of the embryo to 

the blastocyst stage, or the embryo metabolism (Harry et al., 1990). The first PGD case 

by the Hammersmith Hospital team was done for sex determination for couples carrying 

an X-linked disorder (adrenoleukodystrophy and X-linked mental retardation). The 

polymerase chain reaction (PGR) was the first single-cell diagnostic method to be used, 

to amplify a Y-chromosome repeat sequence (Handyside et al, 1998,1990).

Unfortunately the method used for sex selection only amplified the Y-chromosome. 

Therefore, a negative result indicated the absence of the Y chromosome. It was soon 

found that using a negative result was unreliable when the first misdiagnosis was 

reported following PND within the first seven pregnancies, and the pregnancy was 

terminated (Handyside et al, 1993). The Chicago PGD group, in the same year, 

published a different approach for PGD using polar body biopsy (PB) (Verlinsky et al., 

1990).

The first baby bom following PGD was in 1990 (Handyside et al, 1990). To date, 

approximately 50 centres worldwide are offering PGD for a variety of disorders; 

including single gene disorders such as Cystic fibrosis (Avner et a l, 1994; Ray et al, 

1998; Findlay et al, 1995b), p-thalassaemia (Kuliev et al, 1998), and sickle cell
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anaemia (Rechitsky et al, 1998), for chromosomal imbalance (Conn et al, 1998, 1999; 

Munne et al, 1998b), and sexing for X-linked diseases (Griffin et al, 1994). To date, 

117 healthy children have been bom (ESHRE, 2001).

PGD has been used not only to avoid the risk of having an affected child, but also to 

preimplant HLA antigen matching for the pre-selection of potential donor progeny for 

an affected sibling requiring bone marrow transplantation (Verlinsky Y. et al., 2001).

8.1. REFERRALS FOR PGD AT THE PERINATAL CENTRE

Patients referred were at risk of p-thalassaemia or sickle cell anaemia. Prenatal 

diagnosis remains an unsatisfactory solution for some couples at high genetic risk. 

Couples who have undergone repeated termination of affected pregnancies often ask for 

diagnosis prior to pregnancy. The couples who find termination of pregnancy 

unacceptable for religious, emotional, or social reasons also ask for PGD. Such couples 

feel that starting a healthy pregnancy using PGD is the only option for them since 

pregnancy termination is particularly distressing. There is also a group of patients who 

are sub-fertile.

In Jordan, there is a demand for PGD, mostly from patients who find termination of 

pregnancy unacceptable. The main objective of this study was to develop and 

standardise an appropriate and reliable PGD protocol for the detection of the most 

common mutation causing P-thalassaemia in the Jordanian population.

8.2. IN VITRO FERTILIZATION (IVF)

Follicular growth is stimulated with gonadotrophins; and monitored by ultrasound and 

serum estradiol. When the follicles have reached 18mm or more in size, human 

chorionic gonadotrophin (HCG) is given, and egg collection is timed for approximately 

36 hours after the HCG injection. Transvaginal egg collection is performed under 

ultrasound guidance (Elder K., 2000).
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8.2.1. INTRA-CYTOPLASMIC SPERM INJECTION (ICSI)

For all polymerase chain reaction (PGR) diagnosis, ICSI is performed to eliminate the 

possibility of sperm contamination (Wells D., et ah, 1998). A single sperm is injected 

directly into the cytoplasm of the egg, and fertilization is assessed 18 hours later. If two 

pronuclei are present, this indicates normal fertilization (Fig.8.1).

j a

■ - A -

c

Figure 8.1. Oocyte fertilization by Intracytoplasmic Sperm Injection (ICSI). (b) 
Sperm head in oocyte after injection, (c) Day 1, two pronuclei indicates normal 
fertilization, (d) Day 3, embryo (4-10 cell stage), (e) Day 4, Human Morulae. (f) 
Day 5, Blastocysts. Pictures courtesy of The Reproductive Specialty Centre, 
www.drary.com

8.2.2. EMBRYO BIOPSY

PGD requires the analysis of cells from the oocyte or the embryo. Therefore, cell biopsy 

involves two steps: the puncture of the zona pellucida surrounding the oocyte or 

embryo, and the removal of a cell or cells. This can be achieved by polar body biopsy, 

cleavage stage biopsy, or blastocyst biopsy.
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8.2.2.I. POLAR BODY BIOPSY (PB)

The polar body is the by-product of the first meiotic division during oocyte maturation, 

prior to fertilization, and has been used for genetic analysis (Munne' et al., 1995; 

Verlinsky et al., 1996).

The first PB biopsy contains one set of duplicated chromosomes, and genetic analysis is 

complementary to the genetic status of the oocyte. In heterozygous individuals, if the 

mutant gene is found in the polar body, the oocyte will have the normal gene and can be 

used for fertilization.

Figure 8.2. The first and the second Polar Body biopsy performed on the oocyte 
after fertilization. The oocyte is immobilized, and a hole is drilled in the zona 
followed by aspiration of both polar bodies. Pictures courtesy Reproductive 
Genetics Institute, Chicago, IL, USA

The first polar body biopsy has limited approaches as it only allows the detection of the 

maternal genetic status; and any crossing over of homologous chromosomes results in a 

heterozygous oocyte and polar body, which reduces the number of embryos available 

for transfer (Dreesen et al, 1995). The chances of recombination are from 50% for 

telomeric genes to less than 1% for centomeric genes. Furthermore, only one cell is 

available for analysis from each oocyte, which reduces the reliability of the test 

compared to cleavage stage biopsy, where two cells are available for analysis. To 

overcome this limitation, Verlinsky proposed the removal of the first and second polar 

bodies for analysis (Verlinsky et al, 1990) (Fig. 8.2). The second polar body is 

produced as a result of fertilization, and contains one set of chromatids, and is not 

required for subsequent embryo development either (Kaplan et al, 1995).
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Polar body biopsy has been used by two PGD groups in order to investigate maternal 

chromosome abnormalities (Munne' et al, 1995); chromosomal aneuploidies (Verlinsky 

et <3/., 1996); chromosomal translocation (Munne' et al, 1998); and for single gene 

defects such as cystic fibrosis (Strom et al, 1997), and P-thalassaemia (Kuliev et al, 

1998).

8.2.2.2. CLEAVAGE STAGE BIOPSY

The human zygote undergoes mitotic division every 24 hours before compacting to 

form the morula on day 4. On day 3, when the embryo is at 6-8 cell stage, two 

blastomeres can be removed (Fig. 8.3) without affecting the embryo metabolism or 

development (Hardy et al, 1990); and more than 90% of embryos survive the procedure 

(Ao & Handyside, 1995), with a successful biopsy achieved in 97% of cases (ESHRE 

PGD Consortium, 1999, 2000). Embryo biopsy requires zona drilling and blastomere 

aspiration using a micromanipulator. The embryo is held by suction on a flamed 

polished holding pipette, and a hole is drilled in the zona pellucida by acid tyrode’s 

from a narrow pipette (Hardy et al, 1990). Other zona drilling techniques include 

partial zona dissecting, by cutting the zona in a V shape mechanically (Malter & Cohen 

1989); and a laser zona drilling, which gives more control of the hole size (groove 

width) (Boada et al., 1998; Montag et al., 1998; Veiga et al., 1997). The blastomere is 

gently aspirated through a sampling pipette (Fig. 8.3). The limitation of cleavage stage 

biopsy is that only 1-2 cells can be removed; and that time is limited to 24 hours to 

complete the analysis in order to transfer the embryo on day 4.

8.2.2.3. BLASTOCYST BIOPSY

Day 5 blastocysts have about 60 cells, increasing to 80 cells on day 6 and to 125 cells 

on day 7. The human blastocyst consists of an outer layer made up of trophectoderm 

cells (TE), which give rise to the placental membranes; and an inner cluster of cells 

known as the inner cell mass (ICM), from which the embryo proper is derived. On day 

7, about two-thirds of cells are TE and one-third are ICM, from which the embryo 

proper is derived.
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Blastocyst biopsy can be performed on day 5 or 6 post insemination (Dokras et al, 

1990, 1991: Muggleton-Harris et al, 1995). A small slit is made in the zona pellucida 

opposite the inner cell mass, and then the blastocysts are left in a culture medium for 6- 

24 hours until some trophectoderm herniates. From this, 10-30 trophectoderm cells can 

be removed without harming the inner cell mass. The problems associated with single 

cell PGR such as allele drop-out or amplification failure virtually disappear, as 10-20 

cells are available for testing (Holding et al., 1993).

Figure 8.3. Cleavage stage embryo biopsy: (a) the embryo is stabilized using a 
holding micropipette with suction (left), (b) zona drilling using a micropipette 
with narrow lumen (right) containing acid Tyrode solution, (c) and (d) through 
the hole in the zona pellucida, a blastomere is gently pulled away from the 
embryo with a third pipette (right) under a negative pressure. Pictures courtesy 
of Alpesh Doshi, ACU, UCL

The main limitation of this technique is that the low number of embryos that reach the 

blastocyst stage in vitro, and that the genetic analysis of the trophoectoderm cells may 

not entirely represent that of the inner cell mass (Gardner et al., 1998; Jones et al., 

1998).
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8.3. GENETIC DIAGNOSIS OF SINGLE GENE DISORDERS

In PGD, PCR is a powerful molecular technique for amplifying a particular DNA 

fragment to a stage that can be analysed and detected (Saiki et al., 1985). However, it is 

still challenging to obtain a reliable diagnosis on a single cell where amplification 

failure (AF), allele dropout (ADO), and extraneous DNA contamination are still major 

problems.

83.1. PROBLEMS ASSOCIATED WITH SINGLE CELL PCR:

8.3.1.1. Amplification failure (AF):

The reasons for amplification failure in single cell PCR are unclear and are likely to be 

numerous. Therefore, it is essential to ensure that the cells sampled do not lyse before 

they have been placed in the PCR tube, and that there is a visible nucleus (Sermon et al, 

1995; Kontogianni et al, 1996). Blastomeres with a good morphology and visible 

nucleus are usually amplified efficiently (>90% success rate), whereas anucleated cells 

and cells with bad morphology tend to have lower efficiency (Cui and Matthews, 1996; 

Ray et al, 1998).

A crucial cause of PCR failure is inefficient cell lysis, which is reflected in the fact that 

PCR failure appears to vary with the cell type used (Li et al, 1988), since different cell 

structures will require different lysis procedures (El-Hashemite & DeUianty, 1997). The 

problem with amplification failure in single-cell PCR was realised when a PGD 

misdiagnosis for an X-linked disorder was reported (Hardy & Handyside 1992). The Y- 

chromosome specific sequences were amplified, and the absence of amplification was 

diagnosed as female fetus. However, using this strategy the amplification failure leads 

to the same diagnostic result.

8.3.1.2. Allele Dropout (ADO)

ADO is a phenomenon unique to PCR with a low copy number template, leading to 

preferential amplification (PA) of one allele, leaving the second allele below a
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detectable level (Ray et al, 1994; Findlay et al, 1995a; Ray and Handyside, 1990; 

Rechitsky et al., 1996,1998); or not amplified at all (amplification failure; AF).

ADO is a potential cause of misdiagnosis in the analysis of autosomal dominant disease; 

and recessive disorders, when patients carry different mutations (compound 

heterozygotes). ADO of one of the mutant alleles in compound heterozygotes, or the 

mutant allele in autosomal dominant, results in a misdiagnosis as a heterozygote, and a 

healthy embryo, respectively, with subsequent transfer of an affected embryo.

However, if the parents cany the same mutation then ADO of the mutant allele will 

result in an embryo diagnosis as normal, when in fact it is heterozygote, which imposes 

no serious misdiagnosis in returning such an embryo. ADO of a normal allele results in 

the diagnosis as an affected embryo, which will not be transferred to the mother, but 

will reduce the number of healthy embryos available for transfer.

ADO was responsible for three reported cases of misdiagnosis of Cystic Fibrosis CF 

(Crifo 1994; Harper and Handyside 1994; Verlinsky 1996).

On average, ADO occurs in -2-30% of single cell PCR amplification (Ray and 

Handyside, 1996; Wells & Sherlock 1998). There are several explanations for ADO: 

DNA degradation, where the degraded DNA strands lead to PCR breaks in both strands, 

or because there is no good access to the DNA template due to inefficient cell lysis or 

imperfect PCR conditions.

Increasing PCR denaturing temperature from 90°C to 96°C (Ray and Handyside, 1996); 

the use of alkaline lysis buffer or lysis buffer containing proteinase and detergent (Ray 

and Handyside, 1996; El-Hashemite and Delhanty, 1997); and the use of highly 

sensitive fluorescent PCR (F-PCR) (Findlay et al., 1955a) were all found to increase the 

amplification efficiency and reduce ADO, but did not consistently eliminate it.

To minimise the risk of any misdiagnosis as a result of ADO, it is advisable to test two 

cells from each embryo if possible, since the probability of ADO affecting the same 

allele in both cells is low (Kontogianni et al 1996). Additionally, using an informative
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linked polymorphism helps to detect any ADO in the gene of interest (Kuliev et al.,

1998).

83.1.3. Contamination

Extraneous DNA contamination from sperm, maternal cumulus cells or any carry-over 

caused by the accidental amplification of DNA fragments generated during previous 

experiments are all problems that can affect the diagnosis. To minimise this, all cumulus 

cells must be carefully removed from around the oocyte and the embryo; and excess 

sperm is avoided by the use of the Intra Cytoplasmic Sperm Injection (ICSI) method. 

Biopsied cells (blastomers) should be washed in a medium that has been tested for any 

contamination before being transferred to the PCR tubes, by adding the medium to the 

PCR mix with no DNA for amplification. Uncontaminated medium should not produce 

any PCR product. A separate room (Pre-PCR room) should be used for single cell PCR 

preparation and for cell transfer to the tube. This room is kept under positive pressure to 

prevent the entry of dust and any amplified DNA products. Equipment and reagents for 

single cell PCR should be dedicated to this purpose, and not be in contact with 

previously amplified DNA, to avoid any PCR template carry-over. All primer dilutions, 

buffer preparations and other PCR solutions took place in a laminar down-flow cabinet, 

and were aliquoted into several tubes, to avoid repeated freezing and thawing, and then 

discarded after a few uses. Working in the room requires wearing clean gowns, gloves, 

and over-shoes all the time.

Reagents and media should be tested again before a clinical case, and the following 

control reaction tubes should be included at the time of doing a clinical case: negative 

controls (PCR mix with no DNA), normal DNA (wild type), heterozygous DNA and 

homozygous DNA controls.

8.3.2. Molecular strategies to overcome problems associated with single cell PCR

Different molecular strategies have been incorporated in PGD to help prevent 

misdiagnosis due to contamination, ADO, amplification failure or PA. This includes

278



________________________________________________________________ Chapter 8

nested PCR, multiplex PCR, fluorescent PCR, and the use of microsatellites and other 

polymorphic markers.

8.3.2.1. Nested PCR

The capacity to amplify a single template molecule up to a detectable level by 

conventional detection methods such as agarose gel electrophoresis usually requires 

many PCR cycles (e.g. 50 Vs 30 cycles), which might increase the possibility of 

amplifying the wrong sequence.

Nested PCR enhances the specificity of amplification, as well as reducing the risk of 

carry-over contamination (Wells and Sherlock., 1998). It requires two serial 

amplification reactions. The first PCR amplifies the sample template, using an external 

set of primers to produce a DNA fragment encompassing the entire mutation site. This 

then becomes the template for the second round of PCR amplification, which uses 

specific internal primers, situated within the first external primers (nested PCR), or by 

using one of the previous external primers with one internal primer (hemi-nested PCR). 

This should amplify sufficient product for visualisation and further analysis.

8.3.2.2. Multiplex PCR (M-PCR)

In PGD, only a single amplification reaction can be performed on a single cell. 

Therefore, multiplex PCR, which allows the amplification of multiple loci 

simultaneously by including several sets of primers specific for different loci within the 

same PCR mixture, is an advantage (Findlay et al, 1995a, 1995b, 1998; Pertl et al, 

1996; Rechitsky 1998; Sherlock ût/., 1998).

Multiplex PCR reactions need to be carefully designed to ensure that the primers 

involved do not interact with the unrelated primers. The PCR amplification conditions 

and products need to be optimised so that different primer sets work at the same 

annealing temperature and reaction buffer conditions. PCR fragments of different loci 

need to be distinguished either by designing a set of primers to amplify different sizes.
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or by using primers with different fluorescent labels [multiplex fluorescent PCR (MF- 

PCR)].

S.3.2.3. Fluorescent PCR (F-PCR)

The advent of fluorescent PCR technology (Hattori et al, 1992), which uses florescent- 

labelled primers at the 5’ end and the detection of amplified products on an automated 

DNA sequencer, improved both the sensitivity and specificity (-1000 times more 

sensitive than conventional PCR and electrophoresis methods). Usually, fewer PCR 

(35-40) cycles are required, which increases the speed of diagnosis and eliminates the 

need for nested PCR. Weak signals due to preferential amplification (PA), which appear 

as ADO with conventional electrophoresis detection methods, can usually be 

differentiated using fluorescence PCR by the presence of both alleles with one greatly 

over-amplified relative to the other. Multiplex fluorescent PCR also can be performed 

with up to eight primer sets simultaneously (Findlay et a l, 1995a; Findlay et al, 1998; 

Sherlock et aA,1998; Sermon et a/., 1998a).

PGD using fluorescent PCR (F-PCR) has been carried out to detect diseases caused by 

nucleotide expansions such as fragile-X syndrome (COG) repeats, and for Huntington 

disease (CAG) repeats (Sermon K., 1998). It was also applied to the detection of 

mutations caused by small deletions in p-thalassaemia, such as Codon 8 (-AA) (De 

Ryke et al., 2001); and reported as a strategy in the detection of a-thalassaemia 

mutations using fluorescent-labelled Gap-PCR (Piyamongkol W., et al., 2001).

8.4. DNA ANALYSIS IN PGD FOR HAEMOGLOBIN DISORDERS

Different molecular approaches at a single cell level have been used for single gene 

defects. Scanning methods are used to detect mutations in a population with a large 

number of p-thalassaemia mutations. Methods used for PGD include single-stranded 

conformation polymorphism SSCP (El Hashemite et al., 1996); denaturing gradient gel 

electrophoresis (DGGE) (Kanavakis E., et al., 1999; Vrettou C et al., 1999); and 

heteroduplex analysis for cystic fibrosis (Handyside et al., 1992); (Ray et al., 1998).
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8.4.1. Amplification Refractory Mutation System (ARMS-PCR)

This mutation specific detection technique was done using QF-ARMS-PCR. There are 

two different methods: either by labelling both normal and mutant primers with 

different fluorescent dyes, the PCR product can be detected by gene scan analysis using 

the ABI prism 310, and the two peaks of the same size will be in different colours 

(Sherlock J., 1998); or alternatively, by designing the normal and the mutant primer to 

be different in lengths at the 5’ end. This enables two alleles to be resolved by 

electrophoresis, a strategy known as Allele-dependent length polymorphism (ADLP), 

which has been used for PGD of retinitis pigmentosa (Storm et al., 1998).

8.4.2. Restriction endonuclease analysis (RE):

Restriction endonuclease analysis was used to detect mutations with naturally occurring 

recognition sites in either the normal or mutant sequences, and has been used for PGD 

of p-thalassaemia and sickle cell anaemia (Kuliev et al., 1998; 1999; De Ryke et al., 

2001). When a naturally occurring restriction site is not available, it is possible to create 

an artificial restriction enzyme recognition site using a primer-modified sequence: a 

method known as Site Specific Mutagenesis (SSM) (Kulieve et al., 1998; 1999; De 

Ryke et al., 2001). A summary of clinical PGD performed for thalassaemia and sickle 

cell anaemia is shown in Table 8.1.

8.4.3. Reverse Dot-Blot

Reverse dot-plot was used in PGD cases of p-thalassaemia to diagnose the IVS I-llO 

mutation, Hb S, IVS 1-6, TVS I-l and Codon 39 (Chamayou S., et al., 2002). This was 

achieved by hybridisation of amino-modified oligonucleotides for p-thalassaemia and 

sickle cell anaemia and colour detection.
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8.4.4. Polymorphic linked markers

Informative polymorphic markers, which are in linkage disequilibrium with a specific 

disease, are used as an indirect method for the detection of the mutant chromosome. 

This approach has been used for fi^gile-X syndrome (Apessos A., et al., 2001); mytonic 

dystrophy (Sermon K., et al., 1997; 1998); and P-thalassaemia (Kuliev et al., 1998;

1999).

8.4.5. Direct sequencing for mutation detection

Direct sequencing has been applied to PGD cases for thalassaemia, for both mutation 

and intragenic polymorphic marker detection (Hussay ND., et al. 2002). The method 

requires nested PCR. The first PCR round amplifies the IVS I and IVS II regions of the 

P-globin gene simultaneously, followed by individual second round PCR. The PCR 

product fi*om the internal amplification was subjected to sequencing using the ABI 

PRISMT^ BigDye Terminator Cycle Sequencing Kit. This method enables the 

identification of different mutations and polymorphic sites.

8.4.6. Whole genome amplification

Whole genome amplification was used in PGD cases for p-thalassaemia (Jiao Z., et al., 

2003). It involved primer extension pre-amplification (PEP), followed by nested PCR 

and reverse dot plot (RDP). PEP-PCR was found to amplify -90% of a cell’s genome to 

a minimum of 30 copies (Zhang et al., 1992; Wells et al., 1999), enabling more than one 

locus to be analysed from the same single cell.
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Table 8.1. Clinical PGD performed for thalassaemia and sickle cell anaemia up date

PGD groups PDG performed on Lysis buffer Mutation detection method Reference
Reproductive Genetic 
Institute.
Chicago, Illinois, USA

The and 2^ BP 1% Tween 20, 1% 
Triton x 100 and 
Proteinase K.

Diagnosis was achieved after nested PCR and 
SSM, followed by restriction enzyme digestion, 
and simultaneous amplification of different 
polymorphic markers [HUMTHOl & STR’s 5’ 
to the p-globin gene].
The birth of the first healthy children were 
reported in 1999.

Verlinsky Y., et al., 1997; 
Kuliev A., et al., 1998; 
Kuliev A., et al., 1999; 
Kuliev A., et al., 2001.

Embryogenesis Fertility 
Clinic & the Medical 
Genetics.
Athens, Greece

single blastomeres 
following embryo 
transfer on day 5 
(blastocyte stage).

Proteinase K. Mutation was detected by applying nested PCR 
using DGGE analysis.
The birth of the first healthy children was 
reported in 1999.

Palmer G.A. et al., 2002; 
Kanavakis E., et al., 
1999; Vrettou C et al., 
1999.

Centre of Medical Genetics 
& the Centre of Reproductive 
Medicine.
Brussels, Belgium

single blastomeres Alkaline lysis buffer*
(200mMKOH+50
mMDTT).

Mutation detection was performed by 
fluorescent labelled PCR and non-labelled PCR, 
consist of nested and hemi-nested PCR followed 
by restriction enzyme digestion.

De Rycke et al., 2001. 
* Cui et al., 1989.

Unita di Medicina della 
Riproduzione, Palermo, Italy

single blastomeres. Alkaline lysis buffer Mutation detection was carried out after nested 
PCR by restriction enzyme digestion and 
reverse dot-plot.

Chamayou S., et al., 
2002.

The Centre of Reproductive 
Medicine and Infertility & 
Department of Obstetrics and 
Gynaecology.
New York, USA.

single blastomeres. Alkaline lysis buffer PGD was performed for sickle cell anaemia, 
mutation detection was carried out after nested 
PCR by Dde /  restriction enzyme digestion.

XuK.,etal., 1999.

Reproductive Medical 
Centre, China

single blastomeres. Alkaline lysis buffer Whole genome amplification (PEP-PCR), 
mutation detection was carried out after nested 
PCR followed by reverse dot-plot RDP.

Jiao Z., et al., 2003

Department of Obstetrics and 
Gynaecology, Australia

single blastomeres. Alkaline lysis buffer Sequencing of single cell PCR Hussay ND., et al., 2002
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II. MATERIALS AND METHODS FOR SINGLE CELL PCR

The following strategy was used:

a) Specific mutation detection for the most common mutation found in Jordan such as; 

IVS I-l 10 (G->A), IVS l-l(G ^A ), IVS 1-6 (T->C), IVS 1-5 (G->C), IVS n-745 

(C->G), IVS n -1  (G->A), C8 (-AA), C39 (C->T), C37 (G->A) and HbS.

b) Using informative polymorphic markers within the p-globin gene cluster, and 

different microsatellite STR markers on chromosome 11 for linkage analysis study.

c) Including other STR markers on other chromosomes (chromosome 21) to identify 

any extraneous DNA contamination.

This was done by: Multiplex fluorescent PCR (MF-PCR) followed by nested or hemi- 

nested PCR.

8.5. Initial tests required for the couples participating in this study:

Couples accepted for PGD were counselled; a family history and pedigree were taken. 

The diagnosis of sickle cell anaemia or p-thalassaemia was confirmed. Blood samples 

were collected fi’om the couples, any affected children, normal or heterozygote children, 

or the couple’s parents. A full blood count, haemoglobin electrophoresis and DNA 

testing to identify the p-thalassaemia mutations using ARMS-PCR or DNA sequencing 

was carried out. Restriction fragment length polymorphism was used to identify an 

informative marker in the family.

Samples were tested for an informative polymorphic short tandem repeat marker on 

chromosome 1 lpl5.5, which included:

i. The di-nucleotide (CA) repeats linked to the p-globin gene cluster (within 10 cM)

D11S1760 andDllS909.

ii. The tetra-nucleotide repeats D lIS 1997 (GATA)n, the polymorphic human 

tyrosine hydroxylase marker HUMTHOl (AATG) located downstream to the 3’
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end of the P-globin gene, and a five bp repeats STR marker (ATTTT)n which is 5’ 

to the p-gene (1580 bp from the P-globin gene cap site), (Table 8.2) shows the 

primers sequence used for each marker, and Fig. 8.4 demonstrates the location of 

these markers.

iii. Other STR markers such as D21S11, D21S1411, D21S1414, D21S1442, 

D21S1435, D13S631 and D18S535, were tested in order to detect the possibility 

of extraneous DNA contamination.

STR MARKERS-CHROMOSOME 11

H U M T H O l 
1 ,000  Kbp

p -g lo b in  gene  
cluster  
- 4 ,3 0 3  kbp

D 1 1 S 1 9 9 7  
-  5 ,2 0 0  kbp

G e n e tic  M a p  
D ista n c e  (C M )

M a rk er D
n u m b er

G en e
B a n k

ID

S ex
A v.

F em a le M a le

A F M a l3 4 w h 5 D 1 1 S 1 3 6 3 Z 2 6 6 5 7 0 0 0
A F M 217yb lO D 1 1 S 9 2 2 Z 16988 2.11 0 3 .45
A F M b355za9 D 1 IS 4 1 7 7 Z 5 3 8 5 9 2.11 0 3 .4 5
G G A A 17G 05 D l1 S 1 9 8 4 G 0 8 8 9 4 2.11 0 3 .4 5
A F M b042yf5 D 1 1 S 4 0 4 6 Z 5 3 1 9 9 2 .7 9 1.09 3 .4 5
A F M 2 1 8 x e l D 1 1 S 1 3 1 8 m m s 4 .8 4 1 .09 7.81
A T A 3 3 B 0 3 D 1 1 S 2 3 6 2 G 0 8 8 4 4 8.9 2 .4 7 14.33
A F M c006xb 9 D 1 1S 4181 Z 5 3 9 4 5 9 .1 8 3 .23 14.33
A F M a323yd5 D 1 1 S 4 1 2 4 Z 50981 11.05 3 .23 18.60
A F M 1 1 4 y c9 D 1 1 S 1 7 6 0 Z 50981 11.67 3 .2 3 18.60
A T A 22H 01 D 1 1 S 1 9 9 6 G 0 8 8 3 8 12.92 5 .3 7 19 .66
G A T A 1 3 F 0 8 D 1 1 S 1 9 9 7 G 0 9 1 9 0 12.'92 5 .3 7 19.66

Figure 8.4. The location of different short tandem repeats on chromosome 11, at 
llpl5.5

The protocol of PGD decides on the use of a mutation detection method and informative 

RFLPs or STRs markers. Primers used for mutation detection and RFLPs are listed in 

Table 8.2 and Table 8.4. Their location on the p-globin gene is shown in Fig. 8.5. The 

primers used for STRs are listed in Table 8.3.
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Table 8.2. Summary of point mutations, the primers used, amplified product and the required restriction enzyme. ( n i * : 5 ’ f a m  labelled)

M utation O ligonucleotide sequence (S’ to  3 ’) P C R
product

Res.
Enz.

Fragm ent size after  
digestion

D etection m ethod

rVS I-110 Outer amplification

Inner amplification (SSM )

PGD 1 : GGC CAA TCT ACT CGC AGG AG  
PGD2: A C A  TCA AGG GTC CCA TAG AC  
N l or N l *: CAG GGC AGA GCC ATC TAT TGC TTA  
R -I-110: CCA GGA TCC TAA GGG TGG GAA AAT AGA T

303 bp 
SSM

Mbol
SSM

N: 275  
M: 296

PAGE/ silver stain

OR IVS I-l 10 Outer amplification

Inner amplification (SSM )

N l : CAG GGC AG A GCC ATC TAT TGC TTA
N2: GCA TCA GGA GTG GAC AGA TCC CCA
EXTPP: GCA ACC TCA AAC AGA CAC CA
R -I-110: CCA GGA TCC TAA GGG TGG GAA AA T AGA T

249 bp 
SSM

Mbol
SSM

N: 221 
M: 242

PAGE/ silver stain

IVS I-l (G-A) & (G-T) 
Outer amplification 
Inner amplification

PG D l & P G D 2  
N I or N 1*& N 2

363 bp BslI N: 1 6 2 ,1 3 0 ,7 2  
M: 292, 72

1% agarose & 1.5% 
NuSieve agarose, 300V / 90  
min

rVS 1-5 Outer amplification
Inner amplification (SSM )

PGD I & PGD2 
N l or N l*
& R-I-5: GGT CTC CTT A A A  CCT GTC TTG TAA CCT TGG

202 bp 
SSM

R sal
SSM

N: 172 
M: 202

PAGE/ silver stain

Hb S Outer amplification 
Inner amplification

PGD I & PGD2 
N l or N 1 * & N 2

363 bp Dde I N: 203, 88 
M: 292

4% agarose gel (NuSieve, 
agarose)

IVS n-745 Outer amplification 

Inner amplification

P I 5: CAA TGT ATC ATG CCT CTT TGC ACC  
T2: AAC CTT TAA TAG A A A  TTG G 
T3 : ATA AC A GTG A TA ATT TCT GG 
T4: A A A  GCG AAC TTA GTG ATA C

365 bp Rsal N: 365 
M: 240, 125

4% agarose gel (NuSieve, 
agarose)

Ava n/vi/P Outer amplification 
(RFLP’s)

Inner amplification

Ava 10: TCT TAG GCA ACG TGA TAT TG 
A val I : AGG AAC TGA ATC AGC AGG CA  
Ava 11 & Ava 12: AGG AAC TGA ATC AGC AGG CA

Avail
RFLP’s

-/-: 228 

+/+: 157

4% agarose gel (NuSieve, 
agarose)

3'v|/p/Hinc n Outer amplification 
(RFLP’s)

Inner amplification

P -8 : TAA GCA AGA TTA n r  CTG GTC TCT
PGD 14: ACC TAA ACT GAG GAA CCT TTG GTT CTA AA A
PGD 14 &
PGD 15: ATT TGA TAT TTT AGC TCT TCC AAT ACA AGG

HincII
RFLP’s

-/-: 300  

+/+: 103 ,197

4% agarose gel (NuSieve, 
agarose)
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ATTTAGC
AACCTAAATT
CAAAGTAAAA
CTCATAAATG
GGGAAAAAGT
AGGAACTTGA
TAAGTCACAG
GATAGTCACA
ATGCACAGAG
TATGTGTGTA
CATTCTGTCC
TTTCTTATTT
AATTTGTACT
CATCACTTAG

GGTGAACGTG
TGGGTTTCTG

AATAATAGAG
TTATTTCATT
GTATAACACT
CTTGCTACCT
ACAGGGGGAT
ATCAAGGAAA
AGGCTTTTTG
CTTTGGGTTG
CACATTGATT
TATATACACA
TGTAAGTATT
GTGTAATAAG
GATGGTATGG
ACCTCACCCT
]a t t t g c t t c t

GATGAATGGT
ATAGGCACTG

jrCTCCACTCC TGATOqTGTT
TTTGCCACAC
AAGTTCATGT
TGCTGTTCAT
AAATATCTCT
ACTTTATTTT
CAfTTGTAAT
bgGCCTCTT~
AGGTTTCATA
ATGTTCATAC,
GAAAGTGGTG
AAACTGGGGG
AGGGNNNNNN

TGAGTGAGCT
CATAGGAAGG
AACAATTGTT
GAGATACATT
CTTTTATTTT
TTTAAAAAAT
TGCACCA r C
TTGCTAATAG
CTCTTATCTT
GCTGGTGTGG
ATATTATGAA

AAAGCATTTA
TTATTGTTTT
TTCCTTACTA
TTGCTGTTTT
GGGAGAAAGG
TGATTTTAAA
TTCCCCCAGA
TAAGTGACTT
TGTATTTATT
TATATATATA
TTGCATATTC
AAAATTGGGA
GGCCAAGAGA
GTGGAGCCAC
GACACAACTG
GGTGAGGCCC
ACTCTCTCTG
ATGGGCAACC
GCACTGTGAC
GGAGAAGTAA
TTCTTTTGTT
AAGTAACTTA
TAATTGATAC
GCTTTCTTCT
TAAAGAATAA
CAGCTACAAT
CCTCCCACAfi
CTAATGCCCT
GGGGCTTGAG

AGAGAATAAA 
ATTTTATTTT 
AACCGACTGG 
AATTACATCT 
CGATCACGTT 
ACGCAGTATT 
CACTCTTGCA 
TTTATTTATT 
CTATTTTTAG 
TATTTTTTTT 
TGGAGACGCA 
AAACGATCTT 
TATATCTTAG 
ACCCTAGGGT 
TGTTCACTAG 
TGGGCAGQ^ 
GCTAT 
GTAAGGTGJ 
AAGGTGGAGG 
GAGGGTAGAG 
TAATTGTTGG 
AAAAAAAACT 
ATAATGATTA 
TTTAATATAG 
GAGTGATAAT 
GCAGGTAGGA 
GTCGTGGGGA 
GGGGGAGAAG 
GATGTGGATT

GGAATGGAAA
ATTTTATTTT
GTTTGGAGGT
TTTAATAGGA
GGGAAGGTAT
GTTAGTGGAG
GATTAGTGGA
TGTATTTTTG
AGATAATTTA
GTTTTGTTAG
GGAAGAGATG
GAATATGGTT

AGGGAGGGGT

TAAGAAATTT
ATTTTGTGTA
AGGGGGAGGA
GGAAGGAGAA
AGAGAAAGAA
TAGAGGAAAA
GGGAGAAAGA
AGTGGATTAA
TTAGGATGGA
GAGAAGGTTT
GATGTAGATA
AGGAAGGTGT
GAGGGTTTGA

TIBGGGAATGT AGTGGGAGGA 
IT G

5TAj|pAAGG TTAGAAGAGA 
JTATTTTGGGA GGGTTAGGGT 
GGGTGATGGG AAGAAAGTGG 
TGGATGGTGA GAAGTTGAGG 
TTTAGAATGG GAAAGAGAGG 
TTTGTTTTTT TTTGTTGTGG 
TTACAGAGTC TGGGTAGTAG 
TAGATATTTA TGGGTTAAAG 
TTTTTTGTTT ATGTTATTTG 
TTGTGGGTTA AGGGAATAGG 
TTGTGGTTTT ATTTTATGGT 
AGGTGGTGGT GTGTGTGGTG 
[TATGACjTAAjG GTGGGTTltGT 
GTGGGflAATA AAjAAAGATTT

GTAAATTTGG
ATGGTAGTTT
TTGAGGATGA
GTGTGGAGTT
GAGTAAATTT
AAATAATGTG
GTTAGATGTG
GAGGTGTGTA
TGAGGAAATT
TAATGGAAAT
TGGGAAAGGT
GATTGGAAAT

AGTGGAAGTG
^GAGGGAGGG
Jgtg g a g g tg a

GGTTTAAGGÀ
GGTGGTGGTG
TGGGTGGGTT

TTGTGATAAG
GAGAGTGTTA
GTGAGAGGGG
GAAAAGTTTT
TAGTAAAGGA
AGGGAAGTAG
GGGAGTTAAG
GTTTTTTATG
AAGAAAAAGA
AAGGAGAAGA
GAATATGGTA
ATTAGGTAAA

GTAAGGGAGT
GAGGAGGGAG
GTGGTGAGGA
GAGCAATAGA
TAGGGTTGGA
TAGTGATGGG

TAGAAATAGA GGATGGAGTT 
GAGGTGAAAG GAAGAAGTAG 
GGTTAGGGAA GAGTGAGAGG 
TGGTGAGGTG AGGAGTTAAT 
GGTTTAAAGA AAGAAAATAT 
AAGAGGTTTT GGGGTGGTAG 
GTGGTATTTG AGAGGAGTGA 
TGTTGTTTGG GAAAAGGTAA 
AGAAGAAATG AATGGATATA 
TATGGTTAGA AGTGAGGTAG 
GAGAAAGGTG TTGGAGTTTT 

TAGAGTTGG AAAGGAGGAT 
GGGAGAAGAG GGAAGGAGAG 
GGGTGGGGAT AAAAGTÉ

TGTTTTGGTT
GAGAAAGATG
GTAGGGTGAG
TTAGTAGAAG
AAAGAGAAAT
GGGTAGTTTG
TTAGGGGATT
TAAGTAAGTA
TATGTATATG
AGTTTTGATG
AGTGGATGAA
TTTTTAGTGG
GTAGGGGTGT
GGAGSGrrâ^

GAAGTGTGGG GTTAGTGGGG 
AAGTGGGGAT GTGGAGACAG 
GGGAGAGGTT GTTTGAGTGG 
GTGGGTGAGG TGGAGAAGGT

GTGAgTGTAT
AATGATTGGA
GGAATTTTTA
ATTACTATTT
TGTAATGTTT
TAATAGTTTG
AATATTTGTG
TGGGATAAGG
GGGGATGAGT
TGGTGT^GAA

GGGAGGGTTG ATGTjTTTGTT TGGGGTTGTT 
TGAGTGTGGA AGTGTGAGGA TGGTTTTAGT 
GTATTATAGT TAATGGGTTA AGATTGTGTA 
GGAATATATG TGTGCTTATT TGCATATTGA 
TAATATGTGT AGAGATATTG AGGAAATGAG 
GipTAATCTCT TTGTTTGAGGffljGGAATAATGA 
GATATAAATA TTTGTGGATA TAAATTGTAA 
GTGGATTATT GTGAGTGGAA GGTAGGGGGT 
TTGGGAAAGA ATTGAGGGGA GGAGTGGAGG 
TTTGTATTAA AGGT^GGTTT GTTGGGTAAG

TGTGGGGGAA
ÀGAAGAGTGT
jTTT^GG^^
GAAGGGGAGG
TTGT1?FSgTf 
TTGTTTTATT 
TAAGAAAAGG 
TAATGTGCCf 
GGTAATÆTTQ 
Tl

ATTTTGATTG GAATGATGTA TTTAAATTAT TTGTGAATAT

CTGATGTAAG
TTTGGTAATC
GTGGGTATGA
TGGAAGTAGT
TTTAGTAAAA

Figure 8.5. Represent the P-globin gene and the location o f each primer.
I I F o rw a rd  p rim er: H H 3 , &  R ev e rse  p rim er: H H 4

I  F o rw a rd  p rim er: P G D  1& R ev e rse  p rim er: P G D  2

®  F o rw a rd  p rim er: E T B F

|Â~| C a p  s ite  |ATG] In it ia tio n  C o d o n  |

F o rw a rd  p rim er: N l  &  R ev e rse  p rim er: N 2  

F o rw a rd  p rim er: T  1 &  R ev e rse  p rim er: T  2 

F o rw a rd  p rim er: 1 3 &  R ev e rse  p rim er: 1 4 

IV S  1-5 Q  I V S I - I I O
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Table 8.3. List of primers used for Linkage analysis.

STRs MARKERS 
CHROMOSOME 

11

Oligonucleotide sequence (5* to 3’)

5’ P-globin STRs HH3 (5’ TET labelled): ATA GAG GAT CCA GTT TCT TTT G 
HH-4: AGC TCT AAC ACT CTG AAA CTA CG

HUMTHOl THO-6 (5’ FAM labelled): TTC CCA GGC TCT AGC AGC 
THO-7: AGC TCC CGA TTA TCC AGC

D11S1997 Dl 1S1997 (5’ HEX labelled): TTT GTT TTC CTA AGA AAG ATA AAG C 
Dl 1S1997 R: CTG GAC AAA ATA AAG ACC AGC

D11S1670 Dl 1S1760 (5’HEX labelled): GAT CTC AAG TGT TTC CCC AC 
Dl 1S1760R: AAA CGA TGT CTG TCC ACT CA

D11S909 Dl 1S909 (5’TET labelled): GAT ATA ACA CCA AAA GCG CG 
Dl 1S909R: GT ATT CTT ACA GCA CAA AAG TTC T

Table 8.4. Primers used with Expand High Fidelity PCR system for IVS I- 
110 mutation detection and for intragenic marker within the p-globin 
gene cluster

Primers Oligonucleotide sequence (5* to 3’)

HBl (Cy5’ labelled) GCA AGG TGA ACG TGG ATG AAG
HB2 AAC AGC ATC AGG AGT GGA CAG
HB3 (SMM) primer CTA AGG GTT GGG AAA ATG GAC
Thai ECF (Cy5’ labelled) AGA CTG GAG TAA AGG AAA TGG
ThalECR GAT GCC ACA GCA GGT G

The genetic work-up was initially optimised on genomic DNA samples using 100 ng/pl 

DNA, followed by serial dilution up to 100 pg/|il; then on single cells. For each set of 

primers, the annealing temperature was optimised using the Mastercycler gradient

(Eppendorf); and the Mg^  ̂concentrations by gradient titration.

8.6. SINGLE CELL PCR

8.6.1. Buccal cell isolation:

Buccal cell samples with known genotype were collected by mouth swab, soaked in 

phosphate-buffered saline (PBS) [4% bovine serum albumin (BSA) 20 mg/ml].
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Cells were centrifuged and washed twice with PBS/ 4% BSA buffer, and transferred 

into droplets of PBS/ 4% BSA buffer on a 5 cm petri dish in a laminar flow cabinet. 

Cells were isolated by micromanipulation, and visualised under a dissecting 

microscope. Each single cell was washed in a minimum of three fresh PBS/ 4% BSA 

buffer droplets before being transferred to thin-wall microcentrifuge tubes containing 

lysis buffer soaked in ice. To the 2-pl aliquot of the lysis buffer, 2-pl from the last 

washing drops were added as blanks, and 2-pl of a clump of 8-10 cells were included as 

positive control tubes.

8.6.2. Cell lysis:

The following cell lysis protocols were evaluated:

Proteinase K/SDS (PK final concentration: SOpg/mO

An aliquot containing 3pl of 2:1 [125 pg/ml protenase K (PK): 17pM sodium dodecyl 

sulphate (SDS)] in 0.2 ml thin walled microcentrifuge tubes, and 2 pi of PBS (4% BSA) 

buffer containing the cell added to it, was covered with one drop of mineral oil. All 

tubes were incubated at 37°C for one hour followed by 15 minutes at 99 ®C to inactivate 

the enzyme (Jeffreys et al., 1988; Holding et al., 1993).

Alkaline Ivsis buffer (ALB).

An aliquot of 2.5pl of ALB (50mM DTT & 200mM KOH) pH 8.3 in 0.2 ml thin-walled 

microcentrifuge tubes, and 0.5-1 pi of PBS (4% BSA) buffer containing the cell was 

added to it. All tubes were incubated at 65°C for 10 min followed by 4°C soak file.

The sample was neutralized before the PCR amplification by adding 2.5pl of (200mM) 

Tricine (Cui X., et al., 1989).

Protenase K, Tween-20 & Triton X-100

This lysis mixture consisted of 0.2 mg/ml PK, 0.1% Tween 20, 0.1% triton X-100, and 

IX PCR buffer.

An aliquot of 5 pi lysis buffer was added to each tube, 2 pi of PBS (4% BSA) buffer 

containing the cell was added to it, and was covered with one drop of mineral oil. All
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tubes were incubated at 45°C for 20 min; and the enzyme was inactivated at 96°C for 20 

minutes (Rechitsky S. et al., 2001)

8.7. MUTATION DETECTION METHODS:

8.7.1. Multiplex-PCR (M-PCR) and multiplex fluorescent-PCR (MF-PCR):

Several sets of primers were included in multiplex PCR (M-PCR) for the following 

mutations: IVS I-l 10, IVS I-l, IVS n-745, IVS 1-5 and Hb S (see Table 8.2). PCR 

product from unlabelled primers was below the threshold of detection by conventional 

electrophoresis methods, and required a second round of PCR (nested or hemi-nested 

PCR) to increase the amount of PCR products for further analysis.

For multiplex fluorescent PCR (MF-PCR), several sets of primers were included which 

were fluorescently labelled. The fluorescently labelled Nl 5’-6FAM primer was used 

instead of Nl primer for the detection of IVS 1-5, IVS I-l and HbS mutations; the 

Avail 5'-HEX primer and PGD 14 5’-TET primer were used for the detection of 

polymorphic linked markers: RFLP yfva///\j/P; and 3’\j/p, respectively. The fluorescently 

labelled primers listed in Table 8.3 were used to detect STRs markers. The PCR product 

was then detected directly using the gene scan ABI-310™.

The MF-PCR reaction mixture consisted of 200pM dNTPs, lOpmole of each forward 

and reverse primers, 1.5 U of AmpliTaq Gold™ and IX Amplitaq buffer (10 mM tris- 

HCl pH 8.3, 50 mM KCl, 1.5mM MgCli). The amplification reaction mixture for IX 

reaction is summarized in Table 8.5a.

When alkaline lysis method (ALB) was used, the KCl was removed from the 

amplification reaction mixture. The IX PCR buffered consisted of lOmM tris-HCl pH

8.3, and 0.1% gelatine; and 1-2.5 mM MgC12 was added separately (see Table 8.5 b). 

First round amplification was also performed using the DNA polymerase “Expand High 

Fidelity PCR system (Roche)”, which has proof-reading activity. Single cells were lysed 

using the ALB method. The primers used are listed in Table 8.4, and the amplification 

reaction mixture is summarized in Table 8.6a.
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The reactions were made up to 25 pi with distilled deionised water. The reaction 

mixture was prepared on ice in a laminar flow cabinet using dedicated pipettes and 

sterile filter tips, and the required volume of this mix was added to the tubes containing 

the lysed cell. Blank DNA control was included in each run, containing the PCR mix 

and either the cell wash, cell lysis buffer, or water in order to identify any source of 

contamination in the reagents. Tubes containing clumps of cells were lysed under the 

same conditions as the single cells, and were used as positive controls. The tubes were 

spun in a microcentrifuge and kept on ice ready for PCR amplification.

The amplification was carried out using the GeneAmp PCR System 9700 (Applied 

BioSystems) Thermal Cycler. The PCR consisted of a hot start at 94 °C for 12 min in 

order to activate the TaqGold™ enzyme, followed by 35 cycles of denaturing at 94 °C 

for 45 sec (96°C for the first 10 cycles), annealing at 55-60°C for 45sec (depending on 

the combination of primers used) and extension at 72 for 1 min, followed by an 

extension at 72 °C for 10 min after the final cycle and a final hold at 4®C.

The first round of amplification using the Expand High Fidelity PCR system consisted 

of a hot start at 95 °C for 5 min, 10 cycles of denaturing at 95 °C for 30 sec, annealing 

at 55-60°C for 30 sec (depending on the combination of primers used) and extension at 

72 for 30 sec, followed by extension at 72 °C for 5 min after the final cycle and a final 

hold at 4°C.

8.7.2. Nested and Hemi-nested PCR:

When the primers were not fluorescently labelled, nested PCR was performed to detect 

IVS I-l 10, IVS I-l, rVS 1-5, rVS 1 1 -7 4 5  and HbS mutations, while hemi-nested PCR 

was used for the 3’\j/p and the Ava II/ i|/p RFLPs site.

The internal PCR mixture consisted of 20 pmole of one set of specific primers (Table

8.2): 200 pM dNTPs, lU AmpliTaq, and IX amplitaq buffer (10 mM tris-HCl pH 8.3, 

50 mM KCl, 1.5 mM MgC12). The amplification reaction mixtures are summarized in 

Table 8.5c and Table 8.6b. The PCR reaction was made up to a total volume of 22 pi 

with distilled deionised water, and covered with one drop of mineral oil. The 

preparation of the second amplification mixture also took place in the single-cell room
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under the laminar flow cabinet, and with the same precautions needed for the external 

amplification preparation. The reaction tubes were taken out of the single-cell room, to 

another clean room, and 3 pi of the external PCR products were carefully added to each 

corresponding tube by dispensing them through the mineral oil into the PCR mixture 

using dedicated pipettes and sterile filter tips.

The second round of amplification was performed using a DNA Thermal Cycler 480 

(Applied BioSystems) under the following conditions: a hot start at 94°C for 4 min, 

followed by 30 cycles of amplification (denaturing at 94°C for 48 sec, annealing 60- 

55°C for 48 sec, and extension at 72°C for 1 min), followed by an extra extension time 

of 5 min, and a final hold at 4°C.

8.7.3. Restriction endonuclease digestion:

a) Naturally occurring restriction site:

This method was used for the detection of IVS I-l, IVS 11-745, and HbS mutation and 

for the 3’i|/p and the Ava 11/ vj/P RFLPs site following nested or hemi-nested PCR 

amplification. 5-10 pi of the internal PCR product were treated with lOU of restriction 

enzyme (Table 8.2), with buffering conditions recommended by the manufacturers 

(Table 8.5d).

Cleavage took place by incubating all tubes at 37®C for 2-3hrs, followed by agarose gel 

electrophoresis or PAGE. Details of mutations with the naturally occurring restriction 

site, the primers sequence and restriction enzymes used are shown in Table 8.2. The 

location of each primer on the p-globin gene is illustrated in Fig. 8.5.

h) Site specific mutagenesis (SSM)

In cases where no naturally occurring restriction enzyme site is present, an artificial one 

was created by using a primer modified sequence. A forward or reverse primer was 

designed to create a base substitution before or after the point mutation, thus enabling a 

specific enzyme to recognise either the normal or the mutant sequence. However, it is 

better to design a primer that will be cleaved at the normal sequence.
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This method was used for detection of the IVS I-110 mutation. PCR products with an 

artificial base substitution at IVS 1-111 were generated using a reverse primer R-1-110, 

with a terminal 3’ base substitution. The normal (G) at IVS 1-110 together with the 

artificial base (A) creates a GATC sequence, which is also a site for the restriction 

enzyme Mbo I. This cleavage site will be abolished with the mutant allele, which results 

in AATC sequence (see Fig. 8.6) (Lindeman R., et al., 1991). Thus the restriction 

enzyme will not recognize the mutant allele and will only cleave the normal sequence.

Nl & R-I-110: 303 bp

IVS 1-110

5' CTA TTG GTC TAT TTT CCC ACC CTT AGG CTG CTG G 3’ (wild)

3' TAG ATA AAA GGG TGG GAA TCC TAG GAC C 5' (R-1-110) 

5' CTA TTG ATC TAT TTT CCC ACC CTT AGG ATC CTG G 3' (created)

Mho 1 recognition Mbo I recognition

Figure 8.6. In a normal allele, there will be a recognition site for Mbol (GATC), 
created by the reverse primer, N/N (+/+): 275 bp. In the mutant allele G ^C , the 
created sequence will be (CATC), which will not be recognised by the Mbo I 
restriction enzyme, therefore losing the cut side, M/M (-/-): 296 bp.

Alternatively, to use the Ava 11 restriction enzyme to detect the IVS 1-110 mutation, a 

recognition site was created for this enzyme using the SSM primer HB3. This was used 

with the Expand High Fidelity PCR system, with primers shown in Table 8.4.

In the same way, a reverse SSM primer for IVS 1-5 mutation (R-1-5) was designed, by 

producing an artificial base substitution at IVS 1-8, where the normal allele (G) together 

with the artificial base (C), creates a GTAC sequence, which is also a site for the 

restriction enzyme Rsa I  (Fig. 8.7). Thus, the restriction enzyme will not recognize the 

mutant allele and will only cleave the normal sequence.

During the design of SSM primers, a deliberate mismatch to create a recognition site 

within the normal fragment rather than the mutant one was used. This avoids the
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transfer of an affected embryo, which would be diagnosed as heterozygotes if there 

were incomplete digestion of DNA by the restriction enzyme.

N1& R-I-5: 202 bp

IVS 1-5

5' GGT TGG TAT CAA GGT TAC AAG ACA GGT TTA AGG AGA CC3’ (wild)

3' G GTT CCA ATG TTC TGT CCA AAT TCC TCT GG 5' (R-1-5) 

5' GGT TGG TAC CAA GGT TAC AAG ACA GGT TTA AGG AGA CC3' (created)

T l
Rsn J ru t s:idp

Figure 8.7. In a normal allele there will be a recognition site for Rsa I  (GTAC), 
created by the reverse primer, N/N (+/+): 172 bp. In mutant allele G ^A , the created 
sequence will be (ATAC), which will not be recognised by Rsa I  restriction enzyme, 
with loss of the cut site. M/M (-/-): 202 bp.

Table 8.5. Summary of the PCR mixture for IX reaction, the initial stock of Taq 
Gold and the AmpliTaq enzyme were 5U/pl each, and the Mg^  ̂concentration varies 
from 1.5-2.5 mM.

A: First round PCR using Pk/SDS lysis buffer
lOX
RB

M g"
25mM

dNTPs
2mM

Primer set 1 
10pmole/2.5)Lil

Primer set 2 
10pmole/2.5pl

Cell
lysis

Taq.
Gold

H2O Total

IX 2.5 2 2.5 2.5 2.5 5 0.3 7.7 25

B: First round PCR using ALB (50mM DTT& 200mM KOH) (for IX reaction)
lOX
RB

M g"
25mM

dNTPs
2mM

Tricine
200mM

Primer set 1 
10pmole/2.5fil

Primer set 2 
10pmole/2.5pl

Cell
lysis

Taq
gold

H2 O Total

2.5 2 2.5 2.5 2.5 2.5 2.5 0.3 7.7 25

C: Second round PCR (nested and hemi-nested PCR)
lOX RB dNTPs

2mM
Primer F* 
lOpmole/gl

Primer R*
1 Opmole/pl

PCR
Product

Ampli Taq. H2 O Total

IX 2.5 2.5 2.0 2.0 3.0 0.3 12.7 25
*SSM primers is inc uded in this reaction

D: Digestion with restriction enzyme:
Buffer
lOX

Restriction Enzyme 
lOU/pl

PCR
Product

H2 O Total

IX 2.5 1.0 5.0 16.5 25
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Table 8.6. Summary of the double multiplex F-PCR mixture for IX 
reaction using Expand High Fidelity PCR system 5U/pl (Roche), and the 
Mg^  ̂concentration varies from 1.5-2.5 mM.

A: First round PCR using Expand High Fidelity PCR system and ALB (SOmM 
DTT& 200mM NaOH), for IX reaction.

lOXRB
(Hifi.)

dNTPs
2mM

Tricine
200mM

Primer set 1 
10pmole/2.5pl

Primer set 2 
10pmole/2.5pl

Cell
lysis

Hifi H2O Total

2.5 2.5 2.5 2.5 2.5 2.5 0.3 9.7 25

B: Second round PCR (nested and hemi-nested PCR)

lOXRB dNTPs
2mM

M g^
25mM

Primer F* 
lOpmole/pl

Primer R* 
lOpmole/pl

PCR
Product

Ampli
Taq.

H2O Total

2.5 2.5 2 2.0 2.0 3.0 0.3 10.7 25
‘SSM primers is included in this reaction

8.8. FRAGMENT ANALYSIS:

8.8.1. PolyAcrylamide Gel Electrophoresis (PAGE):

Cleaved or amplified PCR products with small differences between normal and mutant 

fi-agment size were resolved using PAGE. This method was used for the detection of IVS 

I-l 10 and rVS 1-5 mutations. 4 pi of amplified PCR product were mixed with 3 pi of 

sample buffer containing 10 mM Tris, 1 mM EDTA-K2, 0.05% Xylene Cyanol, and 0.4 

mg Bromophenol blue. 6 pi were then loaded onto the gel provided by GeneOel Excel 

12.5/24 kit (Pharmacia Biotech), which runs on a GenePhor Electrophoresis Unit 

(Pharmacia Biotech). The running conditions were 150 Volts, 15 mA, 5 Watts, for 40 

minutes, to allow the sample to migrate through the stacking gel; followed by running 

through the separating gel for 100 minutes at 600 Volts, 25 mA, and 15 Watts, with 

temperature at 15 ®C. Following the separation, the gel was visualised by silver staining, 

using the Hoefer Automated Gel Stainer together with PlusOne DNA Silver Staining Kit 

(Pharmacia Biotech). Reagents were prepared in accordance to the manufacturer, while 

the staining protocol consisted of fixation for 30 minutes, silver staining for 30 minutes, 

washing with water for 1 minute, developing for 6 minutes, and stopping/ preservation for 

at least for 30 minutes. The resulting gel was dried and was documented.
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8.8.2. Agarose Gel Electrophoresis

Electrophoresis was carried out on 2% NuSieve (FMC Corporatio, UK)/ 2% Agarose 

gel at 150 V, 300 mA, for 1 hour, to detect IVS 11-745 and Hb S mutations and for 

RFLPs site, and on 1.5% NuSieve/ 1% Agarose gel at 150 V, 300 mA, for 90 minutes to 

detect the IVS I-l mutation. The gels were stained with ethidium bromide (250 pg/ 100 

ml) for 30 minutes; washed with distilled water for 15 minutes; and then visualised 

under 302 nm UV light and photographed using black and white Polaroid 667 instant 

films.

8.8.3. Fluorescent labelled PCR products:

F-PCR fragment analysis for IVS 1-5, IVS I-l, and Hb S mutations, Ava II/\|/p, 3’\|/P 

and for other STRs using fluorescently labelled primers was performed on an automated 

laser fluorescent sequencer ABI Prism'*’’'^310 (PE Applied Biosystems). A mixture of

1.0 pi fluorescent PCR product, 12 pi deionised formamide and 0.5 pi size standard 

(Genescan®-500 TAMRA PE Applied Biosystems) was prepared and denatured at 

95°C for 4 minutes. The denatured samples were subjected to capillary electrophoresis 

using Performance Optimised Polymer 4 (POP-4'^^ with 5 sec injection time, 15k V, 

60°C, for 24 minutes. Data was analysed by GeneScan™ analysis software (PE Applied 

Biosystems).

The PCR product for the IVS I-l 10 mutation and the intragenic marker Thai EC 

labelled with florescent Cy5’ was mixed with equal volumes of loading dye: 0.5% 

dextran blue in 100% formamide; and loaded on a 6% denaturing polyacrylamide gel. 

Electrophoresis was carried out on an Automated Laser Fluorescence Express DNA 

sequencer (ALF Express) fi*om Pharmacia Biotech. Fragment analysis was carried out 

using AlleleLinks software provided by the manufacturer.
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III. RESULTS

8.9. PGD STRATEGY FOR p-THALASSAEMIA MUTATIONS DETECTION

PCR conditions were optimised for the annealing temperature, primer 

concentration and Mg"̂  ̂ concentration on diluted genomic DNA (100 pg/pl). The 

selected conditions were evaluated on single buccal cells. The amplification efficiency 

and ADO on a single cell level for mutations under test are shown in Table 8.7.

8.9.1. Sickle cell mutation:

A total of 100 single buccal cells from a heterozygote individual for the Hb S mutation 

and 20 cells from cultured CVS cells diagnosed as Hb AS were analysed.

Single cell lysis was performed using PK:SDS, and the first round PCR performed 

using primers PGD 1& 2 (Table 8.2), then nested PCR using primers Nl and N2 (Table

8.2). Both external and internal amplification was carried out within an annealing 

temperature of 60°C. The internal PCR product was digested using Ddel restriction 

enzyme, followed by electrophoresis on 2% agarose/ 2% NuSieve agarose gel, stained 

with ethidium bromide and visualized under UV light (Fig. 8.8).

The efficiency of single PCR amplification was 82%, the ADO was 9%, and all blank 

controls were clear (Table 8.7).

8.9.2. Site specific mutagenesis (SSM) for the IVS I-llO (G->A) and IVS 1-5

(G->C) mutations

Site specific muta2enesis (SSM) for the IVS I-l 10 (G ^A) mutation:

Mutation detection for IVS I-l 10 was carried out using nested PCR, with the first round 

of PCR amplifying a region flanking the mutation using PGD 1 and PGD 2, while the 

second-round of PCR created a restriction site using primer modified sequence SSM 

primer (R-I-110) (Table 8.2). This protocol was evaluated on 63 single buccal cells 

from a heterozygote individual. Cells were lysed using PK:SDS, and PCR amplification 

was performed with an annealing temperature of 60°C in both rounds of PCR.

The product from the nested amplification was digested with Mbo I restriction enzyme. 

Fragment analysis was carried out on the GenePhor apparatus and visualised after silver
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staining (Fig.8.9). This protocol resulted in an amplification efficiency o f 84% with 

24% ADO (Table 8.7).

2 9 2  b p  

2 0 3  b p

8 8  b p

12 13 14 15 16 17 18 19 20  21 22 M

Figure 8.8. Gel electrophoresis o f the digested internal PCR product with Dde I 
for Hb S. Heterozygotes represented by three bands for the mutant (292 bp), and 
the normal (203 & 88 bp). The efficiency to detect both the normal and the 
sickle alleles for 30 cells was 100%, with 9%ADO. Lane 12 represents ADO for 
the mutant allele, where lane 16 represents ADO for the normal allele.

This protocol was evaluated on another 200 buccal cell from different individuals 

heterozygous for the IVS I-110 mutation; however, it was found that under the same 

conditions, the amplification efficiency and ADO were not reproducible. In five trials, 

the amplification efficiency ranged from 85% to 45% (Chi-sq %^=0.0019), and ADO 

range from 22%-36% (%^=0.342).

A second trial took place in order to increase the amplification efficiency and to reduce 

ADO. A total o f 96 single buccal cells from a heterozygote individual were lysed using 

PK(lOOpg): SDS. The primers flanking the IVS I-IIO mutation used in the first PCR 

round (PGD 1&2) were replaced by N1& N2 primers. The nested PCR was carried out 

using primers EXTpp and R-I-110 (Table 8.2). Both external and internal annealing 

temperatures were lowered to 55°C. This protocol resulted in amplification efficiency o f 

78% and ADO o f 14% (Table 8.7).

298



Chapter 8

1 2  3 4  5  6  7 9  1 0  11 12  13  1 4  15 1 6  17  1 8  1 9 B  B  2 0 C l  C 2  

'  ' ' "  '  ' ' ------------

w w  rnià̂ mm
M : 2 9 6  b p  

N : 2 7 5  b p

•»
m it IIISIU imm

m m

Figure 8.9. PAGE for single cell PCR amplification using SSM primer (R I-l 10) 
followed by digestion with Mbo I restriction enzyme for the IVS I-l 10 mutation. 
This cleaves both the normal sequence (275 bp) and the mutant (296 bp).

Table 8.7. Summary of the PCR conditions, the primers used, annealing 
temperatures, lysis methods, the amplification efficiency and ADO for

Mutation No. of 
ceils

Primers Restriction
Enzyme

Lysis
buffer

Annealing
Temp.

Efficiency
%

ADO
%

HbS 120 PGD 1&2
Nl +N2

Ddel PK:SDS
50pg

60°C
60°C

82% 9%

IVS I-l 10 63 PGD 1&2 
NI & R-I-110

Mbo I 
SSM

PK:SDS
50pg

60°C
60°C

84% 24%

IVS I-l 10 96 Nl &N2 
EXT/3F&R-I-II0

Mbo I 
SSM

PKiSDS
lOOpg

55°C
55°C

78% 14%

IVS 1-5 22 PGD 1&2 
NI & R-I-5

Rsa I 
SSM

PKrSDS
50pg

60°C
60°C

80% 24%

IVS 11-745 33 P15&T2
T3&T4

Rsal PK:SDS
50pg

55°C
55°C

77% 50%

IVS I-l 50 PGD 1&2
NI +N2

BslI PK:SDS
50pg

60°C
60°C

61% 55%

IVS I-l 50 PGD 1&2
NI +N2

BslI PKiSDS
50pg

55°C
60°C

77% 38%

IVS I-l 25 PGD 1&2
NI +N2

BslI PKrSDS
lOOpg

55°C
60°C

75% 33%

IVS I-l 50 PGD 1&2
NI +N2

BslI
ALB

55°C
60°C

96% 15%

Primers in italic are used in the second round PCR.
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Site specific mutasenesis for the IVS1-5 (G—>C) mutation:

Similarly, SSM primer (R-I-5) was used to detect the IVS 1-5 (G ^ C )  mutation. This 

protocol was evaluated on 22 single buccal cells from a heterozygote individual for the 

IVS 1-5 mutation; the PGR conditions and primers used are shown in Table 8.7. The 

digested PGR product was either electrophoresed on PAGE, (as for the IVS 1-110), or 

on a 2% agarose/ 2% NuSieve agarose gel see (Fig 8.10). This protocol resulted in an 

amplification efficiency o f 77%, with 24% ADO (Table 8.7).

m^m
11 1 2  1 3  1 4  1 5  1 6  1 7  1 8

i
M: 202 bp 
N: 172 bp

Figure 8.10. Agarose gel electrophoresis o f single cell PGR for IVS 1-5. SSM was 
used in the internal amplification to create a recognition site for Rsa /  restriction 
enzyme, which will cleave the normal sequence (N): 172 bp.

8.9.3. IVS 11-745 (C->G) mutation:

Nested PGR was performed, primers P15 + T2 were used for external amplification, and 

primers T3+ T4 were used for nested PGR. The PGR product from the second round 

amplification was digested with 1 OU Rsa I restriction enzyme. The bands were resolved 

by 2% agarose/ 2% NuSieve agarose gel electrophoresis (Fig 8.11).
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This protocol was evaluated on 33 single buccal cells from a heterozygote individual for 

the IVS 11-745 mutation; the PCR conditions and primers used are shown in Table 8.7. 

This protocol resulted in an amplification efficiency o f  77%, and with 50% ADO (Table 

8.7).

1 0 0  b p  

M a r k e r

9  1 0  I I  12  13  1 4  B  + v  B  B  D N A  c o n t  B

3 5 6  b p

2 4 0  b p  

1 2 5  b p

Figure 8.11. Agarose gel electrophoresis o f single cell PCR for the IVS 11-745 
mutation. The last three lanes represent genomic DNA controls; normal (365 
bp), heterozygous (365, 240,& 125 bp) and homozygous (240, 125 bp) 
respectively. Lane 3 & 5 shows ADO for the normal allele, where lane 10 & 12 
shows ADO for the mutant allele.

8.9.4. IVS I-l (G->A) mutation:

The protocol for IVS I-l was also carried out using nested PCR. Single buccal cells 

from heterozygote individuals for the mutation were lysed using PK:SDS. The first 

round o f  amplification was carried out using primers PGD I&  PGD2 with annealing 

temperature o f  60°C. Nested PCR was done using primers N 1 and N2 with an annealing 

temperature o f 60°C. The internal PCR was then digested with Bsl I restriction enzyme; 

and the fragments were separated by 1.5% agarose/ 1% NuSieve agarose gel 

electrophoresis and visualized under the UV light after ethidium bromide staining. This 

protocol was evaluated on 50 single buccal cells, resulting in an amplification efficiency 

o f 61% and ADO o f 55% (Table 8.7).
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Several attempts took place to modify this protocol in order to increase the 

amplification efficiency and to reduce ADO (Table 8.7). First, the external PCR 

annealing temperature was reduced from 60°C to 55°C, while the internal annealing 

temperature was kept the same: 60°C. This change was evaluated in 50 cells, and 

resulted in amplification efficiency of 77% and ADO of 38%. Secondly, changing the 

lysis buffer conditions and proportion of PKiSDS to increase from 50pg to lOOpg, 

resulted in 75% amplification efficiency and 33% ADO in 25 cells.

8.10. Comparison of different lysis buffers in the assessment of the efficiency and 

ADO of single cell PCR:

During the evaluation of mutation detection protocols, it was found that the 

amplification efficiency for some mutations was low; and that the efficiency to amplify 

buccal cells for the same mutation varied among different donors. To overcome these 

problems, different lysis buffers were investigated for different mutations; the PK:SDS, 

the alkaline lysis buffer (ALB) (Cui X., et al., 1989), and the PK/ Tween-20/ Triton X- 

100 lysis buffer (Rechitsky S., et al., 2001) were evaluated.

8.10.1. Proteinase K:SDS and alkaline lysis buffer (ALB):

To try and optimise single cell PCR for the IVS I-l mutation, the PKiSDS lysis buffer 

was substituted with the ALB lysis buffer.

50 single buccal cells from a heterozygote individual were evaluated. The amplification 

efficiency was dramatically raised to 96% and the ADO was reduced to 15% (Fig. 

8.12). A summary of all findings with each modification is illustrated in Table 8.7.

8.10.2. Proteinase K:SDS, alkaline lysis buffer (ALB), and PK/ Tween-20/ Triton-

X-100:

Similarly, several trials took place to increase the amplification efficiency for the IVS I- 

110 and rVS 11-745 mutations using different lysis buffers. A summary of various 

conditions is listed in Table 8.8.
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For the IVS I-l 10 mutation, ALB was found to be the optimised lysis buffer, with an 

amplification efficiency of 88% and 0% ADO. On the other hand, for IVS 11-745

mutation, there was no significant improvement, the amplification efficiency increased

to 85% but the ADO remained high at 40%.

1 2 3 B 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 C 1C 2 C3

292 bp

162 bp 
130 bp

72 hn

w *

Figure 8.12. Agarose gel electrophoresis of single cell PCR for the IVS 1-1
mutation. Normal DNA has three bands (162, 130, and 72 bp), where the mutant 
allele has two bands (292 and 72 bp). The last three lanes are Cl : N/N, C2: N/M, 
and C3: M/M DNA controls.

8.11. Strategy for using linked informative polymorphic markers

8.11.1. Single nucleotide polymorphism within the p-globin gene cluster (RFLPs):

The following two markers in the p-globin gene clusters are used routinely for prenatal 

diagnosis (UCLH).

8.11.1.1. The 3’ n/p polymorphic site

A total of 60 single buccal cells from an individual with the informative site (-/+) were 

lysed with PK:SDS. PCR amplification was performed with external amplification 

using P8 & PGD14 primers and annealing temperature of 55°C, followed by hemi- 

nested PCR using both PCD 14 & PGD 15 primers and annealing temperature of 60°C 

(Table 8.2). 10 pi of the internal PCR product was digested with lOU Hinc 11 restriction 

enzyme, and fragments separated on agarose gel electrophoresis (2% agarose/ 2% 

NuSieve agarose gel), stained with ethidium bromide and visualized under UV light. 

This protocol resulted in a total amplification efficiency of 76% with ADO of 17%.
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Table 8.8. Summary of various conditions for lysis buffers used, the amplification efficiency and ADO.

IVS 1-110/N

Lysis buffer Primers
Annealing Temp. 
External > internal Number of cells Efficiency % ADO%

Pk (50ug): SDS PGD1+2>N1 +R-I-110 GO°C > 60°C 63 84.1 24.5
Pk (50ug): SDS PGD1+2>N1 +R-I-110 55°C > 60°C 66 53 31.4
Pk (SOjLig): SDS PGD1+2>N1 + R-l-110 45*C > 60°C 19 47 22
Pk (50ug): SDS PGD1+2>N1 + R-l-110 5 5 X  > 55°C 17 65 27
2:2 PK: SDS PGD1+2>N1 + R-l-110 55*C > 60°C 18 45 36
Pk (100ug): SDS PGD1+2>N1 + R-l-110 55*C > 60°C 31 58 65
Pk (100ug): SDS PGD1+2>N1 + R-l-110 5 5 X  > 55°C 10 30 33
Pk(150ug): SDS PGD1+2>N1 + R-l-110 55*C > 60°C 12 41.7 60
PK, Tw-20, Try X-100 PGD1+2>N1 + R-l-110 55°C > 6 0 X 39 84.6 33.3
ALB PGD1+2>N1 + R-l-110 60“C > 60°C 30 88 0

IVS-745/N

Lysis buffer Primers
Annealing Temp. 
External > internal Number of cells Efficiency % ADO%

Pk (50pg): SD S P 1 5 + T 2 > T 3 + 4 55®C > 5 5 X 44 75 45
Pk (50pg): SD S P 1 5 + T 2 > T 3 + 4 5 5 X  > 4 5 X 24 41.6 60
2:2 Pk (50ug): SD S P 1 5 + T 2 > T 3 + 4 55°C > 5 5 X 21 76 50
PkdOO^g): SD S PI 5+ T2 > T3+4 55°C > 5 5 X 34 41 14
PK, Tw-20, Try X-100 PI 5+ T2 > T3+4 5 5 X  > 5 5 X 10 60 0
ALB PI 5+ T2 > T3+4 55°C > 5 5 X 55 85 40
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8.11.1.2. TheAva  //\|/P  polymorphic site

Similarly, 30 single buccal cells from an individual with the informative site (-/+) were 

lysed with PKiSDS, and nested PCR was performed. The external amplification was 

carried out with Ava 10 & Ava 11 primers, and an annealing temperature of 60°C. 

Hemi-nested PCR was done using Ava 11 & Ava 12 primers, with an annealing 

temperature of 60°C (Table 8.2). 10 pi of PCR product was digested with lOU A\a  II 

restriction enzyme, and fragments separated on 2% agarose/ 2% NuSieve agarose gel, 

which was then stained with ethidium bromide and visualized under UV light. The 

protocol resulted in a total amplification efficiency of 87% and ADO of 7.7%.

8.11.2. Using Microsatellites and Short Tandem Repeat (STRs) markers:

8.11.2.1. Linked short tandem repeats (STRs) markers:

Polymorphic markers linked to the P-globin gene, were evaluated as an indirect method 

to indicate the presence or absence of the mutation. The markers used were: the di

nucleotide repeats D11S1760 and D11S909; the intragenic marker with 5 nucleotide 

repeats 5’ to the Cap site to the p-globin gene; the tetra nucleotide repeat D11S1997; 

and the Human Tyrosin Hydrozylase marker (HUMTHO-1), see Fig. 8.13. The primers 

used to amplify each locus were labelled with fluorescent dyes (see Table 8.3).

8.11.2.2. Contamination studies:

Non-linked STRs, such as D21S11, D21S1411, D21S1414, and D21S1435 were used to 

identify the risk of maternal and other extraneous DNA contamination. These primers 

were labelled with fluorochromes.

Fluorescence-PCR (F-PCR) was evaluated for each marker using single buccal cells 

from individuals with an informative polymorphism. A total of 180 cells were lysed 

with PKiSDS; then one round of F-PCR amplification consisting of 40 cycles and an 

annealing temperature of 55°C was carried out. F-PCR fragment analysis was 

performed on an automated laser fluorescent sequencer ABI Prism'*’’'^310. A mixture of
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1.0 fil fluorescent PCR products, 12 pi deionised formamide and 0.5 pi size standard 

were prepared and denatured at 95 °C for 4 minutes. The denatured samples were 

subjected to capillary electrophoresis using Performance POP-4^* .̂ Data were analysed 

by GeneScan^'^ analysis software. The amplification efficiency and ADO for each 

marker is shown in Fig. 8.14.

The amplification efficiency of the labelled markers ranged from 96%-100% and ADO 

was only present in the HUMTHO-1 marker (5.6%), and D11S1997 marker (2%).

I l p l 5 . 5

D11S1997F(HEX) 
D11S1997 R:

5’ TTTGTTTTCCTAAGAAAGATAAAGC 
5' CTGGACAAAATAAAGACCAGC

vP-globir 
gene

P-globin
gene

D11S1760F(5’HEX) 5’
D11S1760R 5’
3 VP site; P-8 5’
PGD 14 5’
5’CAP; HH-3 (5’ TET) 5’.

HH-4 5’
p-globin gene: PGDl 5’
PGD2 : 5’
D11S909F(5’TET) 5’
D11S909R 5’

HUMTHOl
THO-6 (5’6FAM) 5’
THO-7 5 \

Figure 8.13. Shows the relative position of each linked marker to the p-globin 
gene; the name of each locus; the primers used; and the primer sequence.
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Single cell PCR for various STRs I efficiency 

|ADO%

100.0

80.0

60.0

40.0

20.0 

0.0
V t 'r ,

HUMTHOl 5'CAPsite D 11S1997 D21S11 D21S1411 D21S1435
(40 cells) (30 cells) (20 cells) (30 cells) (30 ceUs) (30 cells)

Figure 8.14. Representation of the amplification efficiency and ADO in a single 
F-PCR for each STR marker.

8.12. Multiplex-PCR (M-PCR) and florescence multiplex PCR (FM-PCR)

For direct mutation detection and linkage analysis, a linked marker(s) was added to the 

test reaction, to be used as an alternative test of PGD; to identify ADO; and also to 

identify the presence and the source of any extraneous DNA contamination. An 

evaluation of this technique on the amplification efficiency and ADO for each set of 

combined primers, and on the final diagnosis was carried out using 2 sets of primers 

(duplex-PCR), 3 sets of primers (triplex-PCR), 4 sets of primers (four-multiplex-PCR), 

and 5 sets of primers (five-multiplex-PCR).

8.12.1. Duplex -PCR for mutation detection and a linkage marker within the P- 

glohin gene cluster

Duplex PCR on single cells was evaluated for the detection of the IVS I-l (G->A) 

mutation and the informative RFLP at the 3’v|/p site.

Duplex PCR was performed by nested PCR on 50 single buccal cells from an IVS I-1 

heterozygote individual, and with (-/+) polymorphism at the 3’ vpP site. This study was 

carried out using PK:SDS lysis buffer, before evaluating the ALB lysis method. The
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first round of amplification was carried out using two sets of primers; PGD1& PGD2 

and P8 & PGD 14 (see Table 8.2), which simultaneously amplifies the regions flanking 

the p-globin gene mutation and the polymorphic site of interest. The second round of 

PCR amplijScation was carried out in two different tubes. Nested PCR was carried out 

in one tube using primers N1 and N2 to amplify the fragment containing the IVS I-l 

mutation, while hemi-nested PCR was carried out in the second tube using primers 

PGD 14 & PGD 15 to amplify the RFLP 3’ v|/p site. The external annealing temperature 

was 50°C, and the internal annealing temperature was 60°C (Table 8.9).

Nested PCR products for IVS I-l analysis were digested with lOU Bsl I restriction 

enzyme, while the hemi-nested PCR products for the 3’ \j/P analysis were digested with 

lOU Hinc II restriction enzyme. Fragments were separated on 2% agarose/ 2% NuSieve 

agarose gel electrophoresis, stained with ethidium bromide and visualized under UV 

light (see Fig 8.15).

The amplification efficiency was 78%, with 50% ADO for the IVS I-l mutation, and 

70% with 35% ADO for the 3’ vj/p site (Run 1) (Table 8.9).

A second trial took place on another 50 cells under the same conditions, except that the 

external annealing temperature was increased to 60°C, resulting in amplification 

efficiency of 66%, with 38% ADO for IVS I-l mutation, and 70% with 40% ADO for 

the 3’ vj/p site (Run 2) (Table 8.9). However, this did not improve the amplification 

efficiency or ADO.

In an attempt to optimise the amplification efficiency of the IVS I-l mutation, nested 

PCR was performed on the same PCR products from the first round (Run 1 & 2) under 

the same conditions, except that the primer was fluorescently labelled (N1 primer was 

replaced by N1 5’6-Fam-primer). The nested PCR product was digested with Bsl J 

restriction enzyme, and fragment analysis was carried out using the ABI Prism™-310 

genetic analyser.

308



_______________________________________________________________ Chapter 8

The results in Fig. 8.16 show that a major proportion o f cells showing ADO by gel 

electrophoresis actually appear to have a preferential amplification (PA) pattern using 

the ABI Prism™-310, reducing the ADO by 50-75%.

Table 8.9. Conditions applied in duplex-PCR for IVS I-l mutation and the 3’ v|/p site, 
using two sets o f primers PGD 1&2 and PS & PGD 14 in the first PCR 
round, and N1 &N2 for IVS I-l mutation and PGD 14 &15 for 3’ vj;p site 
in the second round PCR.

Run No. of 
cells

Loci Annealing
Temperature

Amplification
efficiency%

ADO%

Run-1 50 IVS I-l 50°C > 60°C 78% 50%
3’ v|/p site 70% 35%

Run-2 50 IVS I-l 60°C > 60°C 66% 38%
3’ YP site 70 40%

1 2 3 B 4  5 6 B 7  8 9  1 0 1 1 1 2  B 1 3  14 15 1 6B C 1

1 2 3 B 4 5 6 B 7 8 9 10 11 12 B 13 14 15 16 B C4 C5 C6

Figure 8.15. Agarose gel electrophoresis showing single cell analysis using 
duplex PCR for the IVS I-l mutation and 3’\j; 8 /  Hinc II polymorphic site, (a) 
Represents the electrophoresis result for the IVS I-l mutation, the last three 
lanes shows genomic DNA controls for C l: normal, C2: heterozygous, and C3: 
homozygous for the mutation, (b) Shows the electrophoresis result o f the 3’ v|/P 
polymorphic site, the last three lanes are genomic controls for C4: -/+, C5: -/-, 
and C6: +/+ polymorphism.
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IVS 1-1 mutation detection method 
Gel Vs ABI-310

B efficiency

□  ADO%

□  PA%

Run 1, Gel Run 1, ABI-310 Run 2, Gel Run 2, ABI-310

Figure 8.16. Represents the difference in ADO and PA between conventional gel 
electrophoresis and by fragment analysis using the ABI-310 for IVS 1-1 mutation 
detection from run 1 and 2.

Since fluorescent PCR is highly sensitive, ADO is reduced and amplified products 

which display extreme preferential amplification (PA) unidentified by conventional 

electrophoresis methods can be detected. Both alleles using F-PCR are detected with 

one greatly over amplified relative to the other one (Findlay et al., 1995a; Sherlock et 

al., 1998).

During the evaluation o f these mutations, it was not possible to convert to F-PCR for 

either mutation detection or linkage analysis, as only one ABI-310^'^ (with one 

capillary) was available. Therefore, using this ABI (30 minutes/tube) for all tests in 

clinical cases would have taken too long to complete the PGD. Recently an ABI-3100^*  ̂

with four capillaries has been purchased for the department, which will now change the 

approach used for PGD, as all detection methods will be F-PCR.

8.12.2. Multiplex F-PCR combined with STRs markers:

Optimisation o f p-globin gene mutation combined with different STRs on chromosome 

21 and chromosome 11 was first achieved using informative di-nucleotide repeats
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markers D11S1760 and D11S909 in a double multiplex and triple multiplex fluorescent- 

PCR (F-PCR).

8.12.2.1. Duplex F-PCR for sickle cell mutation:

Duplex florescence PCR for the Hb S mutation and STRs on chromosome 21 (D21S11) 

was evaluated on 20 single cells from cultured CVS, diagnosed as Hb AS. Only one 

round o f PCR amplification consisting o f 40 cycles was used. For the Hb S mutation the 

N1 primer was substituted with the fluorescent-labelled one (N1-5’FAM primer). 10 pi 

o f the F-PCR product was digested with Dde I restriction enzyme, and fragment 

analysis was done on the ABI Prism™-310 genetic analyser (Fig. 8.17).

The amplification efficiency for the Hb S mutation was 80% with 0% ADO, and 100% 

with 0% ADO for D21S11.

0 30 60  90 120 150 180 210 240 270  300 330  360 390  4
I .  - . 1  . 1 - 1 .  1 i  - . 1  L I   L . -  - A . . -  i I__________ i I

88 bp ; D21S11^  ̂ 292 bp (M)

a a  36 : ASTwinI SCI /

a a  46 ; A7Tvin1 SC2 /

a  a 56 : A9Tvin1 SC3 /

75 To 139 150  160  2ÜÔ 3ÔÔ"

TAMRA Ladder

Figure 8.17. Fragment analysis using the ABI Prism™-310 genetic analyser with 
duplex F-PCR for Hb S and D 21S11. Single cells were obtained from cultured 
CVS, F-PCR for Hb S was performed using Fam-Nl & N2 primers, digested 
with Dde I. The two fragments 292, and 88 represent both the mutant and the 
normal allele respectively. The arrow indicates a pattern o f preferential 
amplification (PA) for one allele 216 bp over the 236bp allele in the D21S11 
marker.
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8.12.2.2. Triple multiplex F-PCR

This protocol was evaluated on 80 single buccal cells with the Hb AS genotype, and 

was designed to detect the Hb S mutation combined with informative STRs markers on 

chromosome 11 (D11S1760 or D11S909), and on chromosome 21 (D21S11 or 

D21S1411). Four different combinations of MF-PCR were used to amplify three 

different loci simultaneously (Table 8.10).

Table 8.10. Summary of the amplification efficiency and ADO for
each locus in a triple multiplex F-PCR.

F-PCR set Loci Cells Efficiency ADO
HbS,Dll SI760, andD21 Sll HbS 20 100% 0%

D11S1760 80% 8%
D21S11 100% 0%

HbS,Dll SI760, ajidD21 S1411 HbS 20 90% 0%
D11S1760 80% 10%
D21S1411 90% 0%

HbS,Dll S909,andD21 Sll HbS 20 90% 5.5%
D11S909 90% 0%
D21S11 90% 0%

Hb S, D11 S909, and D21 S1411 HbS 20 90% 10%
D11S909 100% 0%
D21S1411 100% 10%

A comparison for of the amplification efficiency and ADO for single, double and triple 

multiplex F-PCR is shown in Fig. 818.

The most important finding was that using multiplex florescence PCR resulted in higher 

amplification efficiency ranging fi-om 80-100% and lower ADO ranging fi*om 0-10% 

than with conventional electrophoresis systems. It was also found that multiplexing 3 

sets of fluorescently labelled primers did not lower the efficiency of amplification.

For sickle cell detection, it was found that digestion of the PCR product with Dde I 

restriction enzyme does not interfere with any other STR PCR products. However, it 

was also found that the use of informative di-nucleotide (CA) repeats microsatellite 

markers such as D ll SI 1760 and D11S909 were often difficult to interpret due to the 

production of spurious DNA fragments known as stutter bands (data not shown). To 

overcome this problem, tetra-nucleotide repeats STR markers were used later, since 

longer repeats shows fewer stutters.
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3 multiplex PCR (20 cells) 
HbS
D11SI760, D21S1411

3 multiplex PCR (20 cells) 
HbS
D11S909,D21S11

3 multiplex PCR (20 cells) 
HbS IC
D11S909,D21S1411

efficiency
ADO%

100

90

80

70

6 0

50

4 0

30

20

10

0 n 3
HbS HbS i D21S11 HbS D11S1760 D21S11 HbS D11S1760 D21S1411 HbS D11S 909 D21S11 HbS D11S 909 D21S1411

(PGDl+2 > (Fam- (Fam- (Fam- (Fam- (Fam-
N1+2) Nl+N2/ Nl+N2/ Nl+N2/ Nl+N2/ N1+N2/

Dde 1) : Dde 1) Dde 1) Dde 1) Dde 1)

Single- Duplex-PCR Triplex-PCR Triplex-PCR Triplex-PCR Triplex-PCR
PGR

Figure 8.18. A comparison of the amplification efficiency and ADO for Sickle cell mutation using single, double and triple multiplex PCR. 
The linkage markers for chromosome 11 were di-nucleotide repeats (D11S1760, D11S909).
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8.12.2.3. Duplex F-PCR for IVS I-IIO mutation:

To compare fragment analysis using fluorescent-labeled primers with conventional 

electrophoresis, for IVS I-l 10 mutation, the following method was investigated. The 

AmpliTaq gold™ was replaced with Expand High Fidelity PCR system, a polymerase 

which has proofreading activity, which will enhance primer specificity and exclude any 

mismatch. This protocol was evaluated on 20 single lymphocyte cells heterozygous for 

the IVS I-l 10 mutation. Single cells were lysed with 2.5pl ALB (50 mM DTT & 200 

Mm NaOH) lysis buffer for 10 minutes at 60°C, followed by nutralization with 2.5pl 

(200 mM Tricine).

The first round of PCR consisted of duplex F-PCR using two sets of primers Cy5’ HBl 

& HB2 (Table 8.4), which will amplify the external region encompassing the IVS I-l 10 

mutation; and Cy5’ Thai ECF & Thai ECR, which will amplify a di-nucleotide marker 

in the p-globin gene cluster (Table 8.4) (De Rycke et al., 2001). Nested PCR to detect 

TVS I-l 10 was performed using Cy5’ HBl, the SSM primer HB3 (Table 8.4), and 

AmpliTaq DNA polymerase. 10 pi of the nested PCR product was digested with Ava II 

restriction enzyme for two hours.

To identify the linked marker, the first round of PCR product was subjected to a second 

round of amplification using the same primers (Cy5’ Thai ECF & Thai ECR). Fragment 

analysis was carried out by electrophoresis on an Automated Laser Fluorescence 

Express DNA sequencer (ALF express) (Pharmacia Biotech). This protocol resulted in 

amplification efficiency of 100% and ADO 0% for both sites on both alleles.

8.12.2.4. Tetra-multiplex F-PCR for the IVS I-l 10 mutation:

This protocol was evaluated on 20 buccal cells from a heterozygous individual to 

simultaneously amplify four loci; the IVS I-l 10 mutation site; the Ava W  

i|/P polymorphic site; the linked marker D11S909; and the STR marker D21S11. Cells 

were lysed using PKiSDS, and subjected to nested PCR. The first round of PCR 

consisted of PGDl & PGD2 for the IVS I-l 10 mutation. An additional three sets of the
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corresponding primers were used to amplify the Ava II/ polymorphic site, DIIS909 

and D2IS11, and were fluorescently labelled see (Table 8.2) and (Table 8.3).

Nested PCR was performed using primers N1 and R-I-110 for SSM for the detection of 

the IVS I-IIO mutation, followed by digestion with I OU Mbo I  restriction enzyme. 

Fragments were separated using PAGE and silver staining.

For the Ava II/ i|/p polymorphic site analysis, 10 pi of the first round PCR amplification 

was digested using I OU Ava II restriction enzyme for 2 hours. Fragment analysis for 

Ava II/ Vj/p polymorphic site, D1IS909 and D2ISII was carried out using the ABI 

Prism-310 (Fig 8.19).

120 160 200 240 280 320 360 400 44040

D21S11

a i a  54B:E5WQ-27/

D11S90914 bp

□  □  54G:E5WQ-27/

Figure 8.19. Tetra Multiplex-PCR reaction on single cells for IVS I-110, Ava 
II/vj/P,D21SIl andDllS909.

For the IVS I-l 10 mutation using conventional detection methods, this protocol resulted 

in amplification efficiency of 70% and high ADO (35%). On the other hand, the 

amplification efficiency for the Ava II polymorphic site, D1IS909, and D2ISII was 

95%, 95%, and 100% and ADO was 10%, 21%, 5%, respectively, using fluorescently 

labelled primers.

It was also found that the Ava II restriction enzyme did not interfere with DI IS909 and 

D2ISII PCR products; therefore, it was possible to digest the PCR product from the 

first round containing these other fragments.
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8.12.2.5. Five-multiplex F-PCR for IVS I-l 10 mutation

This protocol was evaluated on 20 buccal cells from a heterozygous individual, for the 

IVS I-l 10 mutation, to simultaneously amplify five loci; the IVS I-l 10 mutation site, 

the linked STRs markers; HUMTHO-1, 5’ CAP site, and D11S1997, and the STR 

marker D21S1411. Cells were lysed using PKiSDS, and subjected to nested PCR. The 

first round of PCR consisted of five sets of primers, the primers used to amplify IVS I- 

110 (PGD1& PGD2), and the corresponding primers to amplify the HUMTHO-1, the 5’ 

CAP site, the DI IS 1997 and D21S1411, and were fluorescently labelled (see Table 8.2, 

and Table 8.3). Fragment analysis for these polymorphic markers was carried out using 

the ABI Prism-310 (Fig 8.20).

100 139 150 160 200 250 300

THO-l(236,242bp)

D11S1997 (196,201 bp) D21S1411

Ï00

Ï00
O H  3 7 B :C 1 /

H H  37G ;C 1/

□  H  37 Y :C 1 /

□ □  37 R :C 1 /

120 150 180 210 240 270 300

Figure 8.20. ABI Prism™-310 analysis of a single buccal cell from a 
heterozygous individual for IVS I-l 10. Using F-PCR, 5 multiplex PCR was 
carried out for IVS I-l 10, HUMTHO-1, 5’p CAP, D11S1997 and D21S1411. 
DI 1S1997 shows a pattern of preferential amplification (PA) for one allele (201 
bp) over (196 bp) allele.

Nested PCR was performed using primers N1 and R-I-110 for SSM for the detection of

IVS I-l 10 mutation, followed by digestion with lOU Mbo I restriction enzyme.

Fragments were separated using PAGE and silver staining.
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For the IVS I-110 mutation, using conventional detection methods, this protocol 

resulted in amplification efficiency of 60% and high ADO (45%). On the other hand, 

the amplification efficiency for HUMTHO-1, the 5’ CAP site, the D11S1997 and the 

STR marker D21S1411 was 95%, 95%, 95%, and 75%, and ADO was 21%, 10%, 5%, 

and 0% respectively, using fluorescently labelled primers.

8.13. Preliminary work-up for PGD Case 1 

Both partners have IVS 1-5 (G-C)

A case summary is shown in Table 8.11. Mutation detection using SSM for the IVS 1-5 

mutation was used. To confirm the diagnosis, linkage analysis for the 5’ p Cap site, 

HUMTHO-1 and Hinc 11/ 5’\|/P informative markers were used (Fig.8.21). Additionally 

D2IS 1435 or D21S1414 markers were used to check for contamination.

Work-up for Case 1

The aim of this work-up was to find the most efficient assay possible for PGD, and to 

evaluate polymorphic markers, which could be used to confirm the embryonic 

diagnosis, and to identify any ADO or contamination. Single buccal cells were obtained 

from both heterozygous parents. The conditions for single and multiplex PCR for the 

TVS 1-5 mutation, the linkage markers using the 5’ p Cap site, HUMTHO-1 and Hinc 11/ 

5’\|/P aiid other STRs marker and the out-come are summarised in Table 8.12 and shown 

in Fig. 8.24.

The final diagnosis summarised in Table 8.13, using the IVS 1-5 alone, showed an 

amplification efficiency of 80% and ADO of 25%. The final diagnosis in multiplexing 

the rVS 1-5 primers with linkage markers increases the accuracy of the diagnosis by 

identifying ADO. In fact the addition of three linked markers enables 100% of cells to 

be accurately diagnosed, which is also shown in Fig. 8.23.

This also shows that increasing the number of primer sets used in M-PCR reduces the 

efficiency of amplification, but still it does not affect the final diagnosis on a single cell.
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However, the IVS 1-5 primers can also be made fluorescent to be used on the 

3100. This protocol may now be applied for a clinical PGD for this couple.

Table 8.11. Summary of the genotype, the RFLPs haplotype and the 
linked STR markers for easel.

Sample from Phenotype Mutation RFLPs (3’YP)

Father 3-thalassaemia trait N/1-5 -/+
CVS Major 1-5/1-5 -/-
Mother 3-thalassaemia trait N/1-5 -/+
Sample from (ATTTT)n 5’p- TET HUMTHOl-FAM D21S1435-TET

Father 107 112 233 241 172 -

CVS - 112 241 244 172 179
Mother 107 112 241 244 175 179

Mother

Detection N b p M bp N b p M bp

IVS 1-5 172 202 172 202

3 > p / / /m c  I I 103, 197 300 103, 197 300

THOl 241 244 241 244

5 ’ P CAP 107 112 107 112

Father

3

IM/IM bp

202

300

244

1 1 2

Figure 8.21. Shows the normal and mutant allele for both parents with the 
corresponding haplotype for each linked marker, and the expected haplotype in a 
homozygous child.
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Table 8.12. Summary of the work out conditions for case 1; single and multiplex 
reactions, the amplification efficiency and ADO for each trial, using 2:1 
PK (50 pg): SDS and annealing temperature: 60°C > 60°C.

PCRRx Locus External primers > internal 
primers

No of 
cells

Efficiency ADO%

Single IVS 1-5 PGD 1+2 > NI + R-I-5 22 80 25
Single 3' vpP P8+ PGD 14 > PGD 14+15 25 96 20
Single HUMTH THO-6+7 21 96 24
Single 5' CAP SITE HH3+HH4 24 95 5
Single D21SI435 D21S1435F&R 21 96 14

Duplex IVS 1-5 PGD 1+2 > N1 + R-I-5 28 54 20
3’ vpP P8+ PGD 14 > PGD 14+15 28 42 41

3 multiplex IVS 1-5 PGD 1+2 > N1 + R-I-5 29 72 38
3 'Vj/p P8+PGD 14 > PGD 14+15 29 72 9
HUMTH THO-6+7 29 96 7

4 multiplex IVS 1-5 PGD 1+2 > N1 + R-I-5 35 46 40
3 > p P8+ PGD 14 > PGD 14+15 35 43 50
HUMTH THO-6+7 35 73 17.5
5' CAP SITE HH3+ HH4 35 69 9

5 multiplex IVS 1-5 PGD 1+2 > NI + R-I-5 55 65.5 47
3' vi/P P8+PGD 14 > PGD 14+15 55 54 38
HUMTH THO-6+7 55 82 31
5' CAP SITE HH3+HH4 55 85 13
D21S1435 D21S1435 F&R 55 73 12

Table 8.13. Summary of the final haplotype results by multiplexing PCR.

PCRRx External primers > internal primers

Final 
results as 

Hetero
%

Final 
results as 
normal

%

Final 
result as 

homo
%

Single IVS 1-5 76 13 20
2 multiplex rvs 1-5 + 3' vP 87.5 6.25 6.25
3 multiplex IVS 1-5+ 3' 11/P +HUMTH 93 7 0
4 multiplex IVS 1-5 + 3 > P  + HUMTH + 5' CAP SITE 100 0 0

5 multiplex IVS 1-5 + 3' Vj/P + HUMTH + 5' CAP SITE + 
D21S1435 96 2 2
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Figure 8.22. Summary of the effect of multiplexing the PCR reaction on the amplification efficiency and the ADO for each set of primers.
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The effect of multiplixing the PCR on the final 
diagnosis

I Final result as homo%
□ Final results as normal %
□ Final results as Hetero%

100%

80%

60%

40%

20%

0%
Single Duplex 3 multiplex 4 multiplex 5 multiplex

Figure 8.23. Illustrates the effect of multiplexing the PCR on the final diagnosis as 
a heterozygous.
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Figure 8.24. The analysis on ABI Prism^'^-310 of a single buccal cell, (a) from the 
father for HUMTO-1, 5’ Cap site, and D2IS 1414 resulted from 5-Multiplex F- 
PCR reaction for IVS 1-5, 3>p/Hinc II, THO-1, 5’ P CAP and D2I S1414. (b) 
Shows the analysis of a single buccal cell from the mother for HUMTO-1, 5’ 
Cap site, and D2IS 1435 resulted from 5-Multiplex F-PCR reaction for IVS 1-5, 
3>p/Hinc II, THO-1, 5’ p CAP and D21SI435. It also shows ADO in the 5’ 
Cap site for the 107 bp allele.
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8.14. Time frame for single cell diagnosis using various lysis buffers:

In PGD cases, the time schedule for diagnosis is very limited, as the embryo has to be 

transferred to the uterus within 24 hours. Comparison between different methods carried 

out for single cell diagnosis are summarised in Fig.8.25.

PK:SDS (60 min)

I
PK:SDS deactivation 
(15 min)

;
Taq gold activation 
(12 min)

I
1** round Multi- 
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I
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Figure 8.25. Shows a comparison between time needed to finish single cell 
diagnosis using different lysis buffers, Taq gold polymerase & Expand High 
Fidelity PCR system.

However, if the ABI Prism™ -310 is substituted by the four capillary ABI Prism™ 

3100 the analysis can be completed within a maximum time of 5 hours.
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IV. CONCLUSION

The purpose of this study was to establish a reliable PGD strategy for a number of p - 

thalassaemia mutations commonly found in the Jordanian population, and also for sickle 

cell anaemia, focusing on specific mutation detection, confirmation of the diagnosis, as 

well as excluding the risk of extraneous DNA contamination.

In total, five mutations of Mediterranean origin were investigated: IVS I-l (G-^A), IVS 

I-l 10 (G->A), IVS 1-5 (G^C), IVS E-745 (C->G) and Hb S.

Misdiagnosis due to amplification failure, ADO and extraneous DNA contamination is 

a crucial problem in PGD cases. Amplification failure and ADO results can vary for 

different reasons: the amplification conditions including ineffective lysis conditions (El- 

Hashemite et al., 1997); DNA degradation (Wells and Sherlock 1998); and can also 

depend on the detection method, where F-PCR is more sensitive than conventional gel 

electrophoresis (Findlay et al., 1995a). Increasing the denaturing temperature was also 

found to decrease ADO (Ray and Handyside 1996).

A total, of 2000 single cells were included in this study, and analysis was carried out 

using single, double and multiplex F-PCR. During optimisation of different protocols, it 

was found that both the amplification efficiency and ADO were not reproducible using 

buccal cells from different individuals. Similar findings have been seen by the Brussels 

PGD group, (personal communication with Dr De Rychi and Dr Sermon, Brussels). 

This might be because buccal cells are dead, and the DNA degraded by apoptotic 

processes; or the cell could be anucleated. Therefore, lymphocyte cells are preferred to 

buccal cells, with lymphoblast cell lines being established for specific mutations and for 

couples undergoing PGD. This protocol for PGD genetic work up is now standard 

procedure.

Comparison of different lysis buffers showed that ALB lysis buffer was superior to 

PK:SDS (Table 8.7 and Table 8.8 and Fig. 8.12). This might be related to the 

deactivation step in cell lysis protocol of PK:SDS, which requires heating to 96°C for
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20 min, resulting in degradation of the PK enzyme, and, at the same time, the single 

stranded DNA, reducing the efficiency of amplification and increasing ADO.

In clinical PGD cases for p-thalassaemia and sickle cell anaemia, three lysis methods 

have been used: ALB lysis buffer in Italy (Chamayou S., et al., 2002), New York (Xu 

K., et al., 1999) and Brussels (De Rycke M., et al., 2001); PK/ Tween-20/ Triton X-100 

is used by the reproductive genetic institute, Chicago (Rechitsky S. et al., 2001); and the 

PK lysis method is used by the Greek group (Vrettou C. et al., 1999). To date, there is 

no agreement between PGD centres as to which is the most effective lysis buffer, but 

ALB lysis buffer was found preferable to PK in clinical PGD cases (Thomill A.R. et al., 

2001), and is now the method of choice at the Perinatal Centre.

To increase the efficiency of diagnosis, several linked markers were introduced into the 

single cell PCR to identify ADO, and to detect the presence and the source of any 

contamination. The informative 3’\pP and Ava II/vpP polymorphic sites within the P~ 

globin gene cluster were used. Other linked markers such as the 5 nucleotide repeat 

(ATTTT)n 5’ to the P-globin gene; the di-nucleotide (CA) repeats markers D11S1760 

and D11S909; the tetra-nucleotide repeat HUMTHO-1 marker (Kulieve et al., 1998); 

and DUS 1997 were used. These markers were extremely useful for linkage analysis 

and as a back up for p-thalassaemia diagnosis in PGD cases (Rechitsky et al., 1998; De 

Rycke et al., 2001), and for contamination detection (Sherlock et al., 1998).

This was the first study to use informative RFLPs polymorphic sites (S’yP and Ava 

n/yp ) for linkage in single cell analysis of p-thalassaemia. Furthermore, the results 

showed that the di-nucleotide repeat markers, DI 1S1760 and D11S909, were difficult to 

interpret due to the generation of several stutter peaks per allele, as a consequence of 

polymerase slippage. Therefore, the use of tetra-nucleotide repeats markers were 

preferred as the stutters were reduced (Walsh et al., 1996).

During this study, it was found that using fluorescence labelled primers gave higher 

efficiency (95-100%), and lower ADO (0-5%) for single cell F-PCR (Fig 8.14). 

Furthermore, in cases where preferential amplification (PA) is present, ADO is 

displayed with conventional electrophoresis detection methods. Using F-PCR shows
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both alleles, but with one greatly amplified relative to the other (Findlay et al., 1995a; 

Sherlock et al., 1998). Therefore, for clinical cases it was decided to replace all 

conventional electrophoresis methods with fluorescent PGR, which is now more 

plausible with the purchase of the 4 capillary ABI™ 3100.

When using MF-PCR, there was a significant increase in ADO and a decrease in 

efficiency when multiplexed with linkage analysis primers. However, using all markers 

provides 100% accuracy of final diagnosis for heterozygous cells (Fig. 8.23), since the 

probability of ADO affecting the mutation site and the linked marker in the same 

reaction is low (Kontongianni et al., 1996). It was decided that for clinical cases 

multiplex fluorescent PCR (MF-PCR) for mutation detection and linkage analysis 

should not exceed triple M-PCR for cases where both partners carried the same 

mutation, and triple or tetra M-PCR for cases of compound heterozygosity.

This chapter described PGD protocols for p-globin gene mutations combined with 

linkage analysis. The same strategy and conditions can be used to extend this study to 

the other common Jordanian p-globin mutations such as: IVS 1-6 mutation followed by 

Sfan I digestion; Cd 37 mutation followed by Ava II digestion; and Hb E mutation 

followed by Hph I digestion.

The fluorescence labelled primers 5’Fam-Nl combined with N2, can also be used to 

detect minor deletions in the p-globin gene, such as frame shift 41/42, and IVS I (25 bp 

deletion) mutations.

Finally, several families who participated in this study expressed an interest in PGD. 

We now expect to set this up as a service in Jordan.
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CHAPTER 9 

GENERAL DISCUSSIONS AND CONCLUSION

The key goal of this thesis was to emphasise the requirements for the prevention of 

haemoglobinopathies in Jordan, and to highlight a methodical approach towards it, 

including gene frequency, carrier detection, genetic counselling and the offer of prenatal 

diagnosis. Good implementation for such strategy will help to relieve the burden which 

thalassaemia places on families and on the country’s health resources.

1. The molecular spectrum of the P-globin gene mutations causing 

thalassaemia major and intermedia in Jordan

The first achievement of this thesis was the characterisation of the spectrum of p-globin 

gene mutations that cause p-thalassaemia in Jordan, their frequencies, and factors 

contributing to the thalassaemia intermedia phenotype. This study enables a better 

understanding of the genetic components of the disease in Jordan.

Analysis was carried out on 172 thalassaemia major and 107 thalassaemia intermedia 

patients. Mutation screening was performed using different molecular techniques such 

as: ARMS-PCR, multiplex ARMS-PCR, restriction enzyme analysis, DOGE and 

sequencing. However, using multiplex ARMS-PCR for the most common 

Mediterranean mutations (TVS I-llO, IVS I-l, IVS 1-6, TVS II-l, IVS fi-745, -87, Cd 39, 

and Cd 37) proved to be very efficient, since it could detect up to 79% of the total 

mutations present in Jordanian patients. Subsequently, this reduces the time and cost for 

mutation analysis.

A total of 25 mutations were identified in both thalassaemia major and thalassaemia 

intermedia patients. The novel p^ promoter mutation -29 (A-^C) in the ATAAA motif 

site of the P-globin gene promoter was found in the homozygous state. The wide 

heterogeneous spectrum of p-thalassaemia mutations in Jordan can be attributed to the 

considerable diversity in historical ethnicity and political migration to the countiy. 

Although the p-thalassaemia alleles in Jordan are very heterogeneous, a high frequency
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of the homozygous genotype was found among both thalassaemia major patients (64%) 

and thalassaemia intermedia patients (67%). This can be attributed to the high 

prevalence of consanguineous marriages in Jordan that was found to be as high as 60% 

if first and second cousin marriages are considered (Khoury et al, 1992).

This study identified 19 (18%) undiagnosed thalassaemia intermedia patients in 44% of 

families that were asymptomatic, which emphasises the efficient approach of screening 

extended families as suggested by Ahmed et al., 2002.

The clear factor contributing to the pathogenesis of thalassaemia intermedia is the 

reduction of the cc/ non a-chain imbalance. Among thalassaemia intermedia patients, 

the type of p-thalassaemia mutation is the predominating factor that could be used for 

the prediction of clinical phenotype. The presence of a mild p-thalassaemia allele 

accounted for 76% of the alleles in thalassaemia intermedia patients compared with 

20% in p-thalassaemia major patients.

rVS 1-6 (T->C) is the most frequent mutation among thalassaemia intermedia patients in 

Jordan; and 45% of thalassaemia intermedia patients were homozygous for IVS 1-6. 

IVS II-1 (G->A) is the second most frequent mutation, and the homozygous genotype 

for this mutation accounted for 13% of thalassaemia intermedia patients. The presence 

of the Xmn I  -^y polymorphism was the sole modulating factor in patients homozygous 

for the p“-mutations such as codon 6 (-A) and codon 8 (-AA). a-thalassaemia was 

present in 12% of patients and may have had some effect in ameliorating the disease, 

but its impact was not entirely clear.

This study summarised the different genotypes associated with thalassaemia intermedia 

in Jordan, and underlines the need for molecular identification in all thalassaemia 

patients, which would help in predicting severity; and would help in genetic 

counselling, and prenatal diagnosis.
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2. Factors contributing to the clinical phenotype in homozygous IVS 1-6 

patients

The second and probably most important achievement in this study is the evaluation of 

factors contributing to the clinical diversity in homozygous IVS 1-6 patients.

This is the first study to examine a large group of pure homozygous TVS 1-6 (T->C) 

patients, with a wide spectrum of clinical severity ranging fi*om asymptomatic, to mild, 

moderate and severe. Factors contributing to clinical severity of the disease were 

evaluated thoroughly among 48 patients homozygous for TVS 1-6.

The most remarkable finding was that the increased capacity to produce HbA and HbA2 

was the main factor in lessening the degree of anaemia, contrary to increased HbF 

production, which results as a secondary response to anaemia rather than a primary 

genetic factor, and does not have any ameliorating factor. Such findings were supported 

by the lack of survival advantage of F-cells beyond the reticulocyte stage compared to 

non-F cells.

Furthermore, this study examines the relationship between anaemia, erythropoietin 

(sEpo), and markers of eiythroid expansion, in terms of serum transferrin receptor 

(sTfR) and thalassaemic facies, among homozygous IVS 1-6 patients. Findings in this 

study provide further evidence that the higher the sEpo and sTfR, the greater the degree 

of anaemia. This can be used to monitor the degree of erythropoiesis in this group of 

patients.

Iron stores as indicated by serum ferritin level, were found to increase with increasing 

anaemia, and expansion of erythropoiesis as shown by sTFR or thalassaemic facies. 

This study, also examine the relationship between iron loading and thalassaemic facies 

in thalassaemia intermedia patients, and pronounce thalassaemic facies as a strong 

indicator for erythroid expansion in thalassaemia intermedia patients, primarily for 

homozygous IVS 1-6.

Findings in chapter 4 highlight the importance of including other clinical erythropoietic 

markers such as thalassaemic facies, spleen condition, cardiac function and growth, 

when classifying clinical severity; and it should not be limited to Hb level and 

transfusions alone.
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3. Psychosocial burden among thalassaemia intermedia patients

The third achievement for this thesis is evaluating the impact of the psychosocial burden 

of thalassaemia intermedia in Jordan. This study provides a quantitative analysis of the 

psychosocial burden among thalassaemia intermedia patients from a Middle Eastern 

country, and evaluates the psychosocial burden of thalassaemia intermedia patients with 

homozygous IVS 1-6 genotype (chapter 5).

The results in the above noted chapter showed that, in adult thalassaemia intermedia 

patients, the high psychosocial burden is significantly correlated with the high clinical 

burden of the disease. This was the same amongst patients 5 to 16 years old. On the 

other hand, the analysis also showed that there was no correlation between the parents’ 

psychosocial burden score and the patient’s clinical burden score, or the patient’s 

psychosocial burden score. The contradiction between such findings and what has been 

previously published in the UK (Ratip et al., 1995) could be attributed to the nature and 

structure of Middle Eastern societies as well as the questionnaire design.

This is particularly the case in Jordan, where family size is large, and social networks 

and safety support systems are strong, as are religious beliefs, which allow some 

families, to cope better with this burden since they believe it is a matter of fate and 

destiny. Women’s status in society and the means through which they get support 

impact differently on their coping mechanisms. Additionally, in this study, another 

factor was at play: some families had children with other health problems besides 

thalassaemia as well as having more than one thalassaemic child. Finally, lack of health 

education and awareness regarding thalassaemia resulted in misconceptions and grave 

misunderstandings about the nature and prognosis of the disease.

The contradiction between the findings of this research and previous established 

findings in the UK could be related to the design of the questionnaire, which 

investigated the social and the financial impact, but did not integrate these factors when 

measuring the final score. This includes factors such as social marital status (widows, 

divorced). In addition, the fact that the parents provided the answers on behalf of their 

children who are under 16 years of age, could have led to a mis-estimate, as actual 

feelings and psychosocial burden among those patients towards the disease might be

329



________________________________________________________________ Chapter 9

different if they were able to answer for themselves. However, the findings in this study 

agree with those of Ratip et al (1995) in that the psychosocial burden of parents was 

influenced by their attitude towards the disease.

One of the interesting findings in this chapter was the willingness of a large proportion 

of parents to undergo prenatal diagnosis (PND) if available; and that they would 

terminate an affected pregnancy, despite the fact that the majority of patients had a mild 

to moderate phenotype. This indicated that the impact of psychosocial burden could be 

just as important as the clinical burden.

Furthermore, this study provides evidence that within the same homozygous IVS 1-6 

genotype, there is a wide spectrum of psychosocial burden beside the clinical burden. 

This underlines the need for good clinical management of thalassaemia intermedia, 

combined with psychosocial support to the families and patients.

Finally, this study shows the importance of health education about the diseeise in 

reducing the anxiety and worries in both parents and patients, by replacing 

misunderstanding about the cause and prognosis of the disease with accurate 

information. This study also provided counselling and psychosocial support for those 

families and patients who participated. Work in the field also addressed the need for 

public education about the disease in a way that will increase public awareness, provide 

a better understanding about the nature and causes of the disease, and inform people 

about the available options of prevention. With such accurate information, patients will 

not feel marginalized, or discriminated against.

4. Epidemiology of P-thalassaemia and sickle cell anaemia in Jordan

As a background to develop a control programme for thalassaemia, it was necessary to 

provide an epidemiological analysis for the beta variant in different regions of Jordan. 

Such micro-mapping is essential in planning for an effective service, and it provides the 

service indicators required to plan for premarital screening, counselling, genetic 

counselling, prenatal diagnosis, and treatment services of the affected patients in the 

cities.
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The data in chapter 6 gives an estimate of the number of individuals requiring testing 

and counselling if a comprehensive premarital screening programme is implemented; 

also, the number of at-risk couples and at-risk pregnancies requiring expert counselling 

and prenatal diagnosis. However, counsellors require specialist knowledge about the 

genetic causes of the disease and skills to communicate such information as well as the 

likely outcome to the patients.

The high prevalence of the IVS 1-6 mutation, together with the high prevalence of 

consanguineous marriage in the country indicates that many at-risk couples will carry 

this mutation. This underlines the importance of developing special genetic counselling 

for those at-risk couples, including information about the possible clinical prognosis of 

an affected fetus, the psychosocial burden associated with thalassaemia intermedia in 

general, and with the homozygous IVS 1-6 genotype, in particular.

In Jordan, consanguineous marriages are an integral part of cultural and social life, and 

family size is often large. Therefore, this research believes that an efficient approach to 

carrier detection should be focused on: premarital screening, and retrospective screening 

for extended family members of diagnosed patients or carrier individuals. Such 

screening should be combined with retrospective counselling for carriers.

As a result of consanguineous mating the pure homozygous genotype was higher than in 

random mating (62% vs. 11.4%, respectively), especially for rare mutation where the 

assumption of random mating fails. Such findings will ease the process of DNA 

diagnosis and carrier testing. However, the data also show that approximately 13% of 

affected births will be homozygous for a mild mutation, underlining the need for a 

systematic approach to identify these individuals who might be asymptomatic, in order 

to provide the best management and genetic counselling.

Furthermore, this study gives an estimate of the annual number of affected births, 

enabling realistic planning for future requirements of blood and drugs for the 

management of both thalassaemia and sickle cell disease.
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It was found that the largest thalassaemia burden was located in the three main cities: 

Amman, Zarqa, and Irbid, thus indicating the need to develop a more focused control 

program for the prevention of haemoglobinopathies, and the need for an adequate 

number of experts to be available in these three cities. The establishment of such highly 

specialised units in these cities, such as the genetic laboratories, can serve the rest of the 

country. This study highlights the need for better communication networks between 

various treatment centres, and the provision of screening, genetic testing, genetic 

counselling and the offer of prenatal diagnosis, together with the efficient management 

of known cases.

Screening analysis based on red cell indices, the MCV, MCH, Hb Az%, combined with 

haemoglobin electrophoresis or HPLC to detect Hb variants should be implemented in 

various centres, especially in areas with a high prevalence of sickle cell disease such as 

the North Jordan Valley. The haematological characteristics of the p-thalassaemia 

carriers was summarised in chapter 6. Borderline values for the MCH, MCV and Hb A2 

should be assessed by genetic analysis, especially if the spouse is clearly a carrier for p - 

thalassaemia trait. If both have borderline microcytic indices and Hb A% levels, they 

should be offered risk assessment using genetic analysis for mild mutations mainly for 

IVS 1-6 and -87.

5. Prenatal diagnosis

The objective of this study was to show that prenatal diagnosis is technically feasible in 

Jordan, and to assess uptake of termination of an affected pregnancy. This study, at the 

time of prenatal diagnosis, contributed to the education and counselling, of couples, 

about there expected outcome. However, in general, the uptake of PND is considerably 

lower in comparison to the expected number of at-risk pregnancies.

This was the case for a number of reasons, including; the lack of a comprehensive 

strategy to inform the antenatal clinics about the service; and the absence of any 

systematic procedures to identify at-risk pregnancies. Therefore, more efforts should be 

made to make this service more available to at-risk couples, together with genetic
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counselling in early pregnancy, through obstetricians, general practitioners, antenatal 

clinics and family planning centres.

Accordingly, pregnant women should be offered PND in pregnancy. In Jordan, as an 

Islamic country, abortion is prohibited unless it is performed to save the mother’s life. 

However, many religious pronouncements have been made in this respect, with the 

majority allowing termination of an affected pregnancy within 90-120 days. Thus, 

religious institutions in Jordan should provide clear-cut guidance through special fatwas 

about termination of an affected pregnancy so that the society can be informed on how 

best to deal with this matter. The community would accept the concept of prevention of 

thalassaemia if it were seen to be compatible with religious as well as cultural beliefs. 

Therefore, it is important to consider the views of religious scholars, doctors and 

families.

The inadequate coverage of the health insurance system, particularly amongst at-risk 

couples, made the service unaffordable to them. Thus, it is important for a successful 

prevention programme that, the prenatal diagnosis, to be provided for free to these 

couples.

Additionally, this study emphasised the need to address the availability for specialized 

genetic counselling and support, training obstetricians to perform chorionic villus 

sampling, and specialized genetic laboratories.

6. Preimplantation genetic diagnosis

In this study couples that had several unfavourable pregnancy outcomes, or had 

overriding religious reservations enquired about preimplantation genetic diagnosis.

This study has established a systematic methodology for preimplantation genetic 

diagnosis for thalassaemia at the Perinatal Centre, focused on mutation detection, 

confirmation of the diagnosis, as well as excluding the risk of extraneous DNA 

contamination.

This was achieved by implementing a PGD analysis strategy focused on specific 

mutation detection for a number of p-thalassaemia mutations commonly found in the
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Jordanian population such as IVS I-l (G—>A), IVS I-l 10 (G^A), IVS 1-5 (G->C), and 

IVS 11-745 (C->G), and also for sickle cell anaemia combined with linkage analysis.

Linkage analysis was carried out using the informative 3’\|/P and Ava H/ 

\|/P polymorphic sites within the p-globin gene cluster, and by using linked STRs 

markers such as the (ATTTT)n 5’ to the p-globin gene; the di-nucleotide (CA) repeat 

markers D1 IS 1760 and D11S909; the tetra-nucleotide repeat marker HUMTHO-1; and 

D11S1997. These markers were extremely useful for linkage analysis as they serve as a 

back-up for the p-thalassaemia diagnosis; and can be used in contamination detection. 

This was the first study to use informative RFLP polymorphic sites (3’\j/p and Ava 

n/yP ) for linkage in single cell analysis of p-thalassaemia.

During this study, it was found that the use of fluorescence-labelled primers gives a 

higher amplification efficiency and lower allele drop out (ADO). Furthermore, using all 

markers provides a 100% accuracy of final diagnosis for heterozygous cells. Therefore, 

in clinical cases, it was decided to use multiplex fluorescent PCR (MF-PCR) for 

mutation detection and linkage analysis.

It w£is also found that the use of the alkaline lysis buffer (ALB) is superior to the PK: 

SDS lysis buffer.

Additionally, this study highlights the need to establish a lymphoblast cell line culture 

for couples undertaking PGD before starting the clinical procedure in order to overcome 

problems associated with using buccal cells. Cell line culture will also serve in keeping 

a continuous cell resource for those couples during the preliminary PGD workup, since 

extensive preparation and standardization of single cell PCR is required. This will also 

eliminate the need to frequently ask couples to provide more cells, which might be 

inconvenient for those living outside the country. Furthermore, it makes it less stressful 

for the couples, whose confidence in the process is shaken as a result of having to attend 

regularly for sampling. On the other hand, this makes the work easier for the researcher, 

who often finds him or her self in an awkward situation, having to explain why the 

couple is required to visit so frequently.
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However, despite the promising results for PGD cases for thalassaemia, with several 

unaffected children bom following preimplantation genetic diagnosis (Kuliev et al., 

1986), there are still other problems. One of the problems is the relatively low success 

rate associated with in vitro fertilization techniques. In addition to the financial cost of 

PGD, this includes the IVF combined with genetic analysis cost.

In this thesis, estimating the prevalence of the disease; identifying the type of mutations 

in the p & a-globin gene; evaluating the clinical and the psychosocial burden of the 

disease; recommending genetic counselling and the uptake of prenatal diagnosis and its 

dilemmas, due to social, cultural and religious beliefs, has been addressed at length. 

However, there is another factor, which should be pointed out to policy makers and 

health officials: that the optimal prevention programmes include implementing PGD. 

The financial cost of implementing PGD programmes is high due to IVF, but no cost 

benefit analysis has been done to compare PGD with CVS, or, indeed, the cost of 

treating affect children.

It is to be hoped that this research will contribute to consolidating efforts to establish a 

national systematic programme aimed at the prevention of haemoglobinopathies in 

Jordan, including premarital screening, and genetic counselling as well as prenatal 

diagnosis, and finally, preimplantation genetic diagnosis.

CONCLUSION

This thesis represents the results of a systematic examination of the essential 

requirements for the development of a thalassaemia prevention programme in Jordan. 

The following components were examined:

• The prevalence of thalassaemia in Jordan

For service planning, epidemiological information is required so that services can be 

planned appropriately. The prevalence of thalassaemia was estimated for each city in 

Jordan, taking into account the ethnic mix present in each city. It was estimated there
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are approximately 103 annual affected births and 415 annual at risk pregnancies. 

Premarital screening has been introduced in Jordan and estimates show approximately 

144 new couples would be identified annually.

• Laboratory screening

The MCH level of 25.7pg was found to be the cut off limit below which HbAi should 

be measured. When red cell indices or HbA2 levels are borderline or equivocal, 

molecular analysis for the mutations IVS 1-6 and -87 was found to be essential.

• Complete spectrum of globin gene mutation identified.

Analysis of samples from 172 thalassaemia major, and 107 thalassaemia intermedia 

patients, showed the presence of 25 mutations. Nevertheless, a high frequency of “pure” 

homozygous genotypes was found in both thalassaemia major and thalassaemia 

intermedia patients, associated with the local preference of consanguineous marriage. A 

detailed description of genotypes and phenotypes in thalassaemia intermedia was 

carried out. There was an unusually high prevalence of the mild p-thalassaemia 

mutation IVS 1-6, as 45% of thalassaemia intermedia patients had this mild genotype.

• A detailed comprehensive description of the clinical phenotype of 

thalassaemia intermedia due to homozygosity of the IVS 1-6 mutation.

As this was the most common mutation in the samples studied and the most common 

genotype in the thalassaemia intermedia patients, an in depth study was carried out to 

gain more information on the suitability of offering a prevention service for this mild 

genotype. In the patients studied clinical severity ranged from very mild to severe. 

Notably there was an association of haplotype VI with the mild phenotype, 

demonstrating the influence of variations in non-coding DNA (haplotype) on the 

expression of the IVS 1-6 mutation.

• A detailed study of the psychosocial burden associated with mild 

thalassaemia intermedia.

To gain more insight into the complex issues of mild thalassaemia intermedia, the 

psychosocial burden of both patients and parents was investigated. An apparent
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disproportion between the generally mild clinical picture of thalassaemia intermedia and 

a high psychosocial burden for patients and parents was observed. This led to a higher 

level of interest in prenatal diagnosis than had been anticipated.

• DNA genotyping and genetic counselling

This research reported here shows the importance of DNA genotyping prior to genetic 

counselling of at risk couples, and highlights the particular importance of specialist 

genetic counselling for “mild” beta thalassaemia genotypes. It also shows the relevance 

of DNA genotyping for appropriate clinical management of the affected patients.

• Prenatal Diagnosis

DNA based prenatal diagnosis was demonstrated to be feasible and acceptable to at-risk 

couples in Jordan. There was a high level of interest in preimplantation genetic 

diagnosis in some families; and suitable methods for reliable detection of the common 

mutations found in the Jordanian population were demonstrated.

Finally, this thesis provides evidence on which policy decisions for the prevention of 

thalassaemia in Jordan can be based, including population screening, genetic 

counselling and prenatal diagnosis.
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Annex 1. List of all thalassaemia major patients, their p-thalassaemia alleles. Date of birth and ethnic origin.

TMID Allele 1 AlleleZ Age DOB Ethnic
TM-1 IVS I-l rvs I-l 13 1989 Irbid
TM-2 IVS I-l rvs I-l 15 1987 Irbid
TM-3 rvs I-l rvs I-l 14 1988 Irbid
TM-4 Cd37 rvs 1-6 12 1990 Irbid
TM-5 Cd37 rvs 1-6 10 1992 Irbid
TM-6 r v s n -1 r v s n -1 16 1986 Irbid
TM-7 IVS 1-6 -30 12 1990 Irbid
TM-8 IVS 1-6 -30 16 1986 Irbid
TM-9 rvs I-l 10 rvs I-l 10 12 1990 Irbid
TM-10 Cd5 (-CT) Cd5 (-CT) 16 1986 Irbid
TM-11 Cd5 (-CT) Cd5 (-CT) 13 1989 Irbid
TM-12 rvs 1-6 -30 21 1981 Irbid
TM-13 Cd5 (-CT) Cd5 (-CT) 15 1987 Irbid
TM-14 r v s n -1 rvs n-1 15 1987 Irbid
TM-15 IVS I-l 10 rvs 1-5 16 1986 Irbid
TM-16 IVS 1-6 IVS I-l 10 11 1991 Irbid
TM-17 IVS 1-6 IVS I-l 10 16 1986 Irbid
TM-18 Cd37 Cd37 14 1988 West Bank
TM-19 IVS I-l 10 rvs I-l 10 18 1984 West Bank
TM-20 C dl -30 20 1982 West Bank
TM-21 Cd5 (-CT) Cd5 (-CT) 20 1982 West Bank
TM-22 IVS I-l 10 IVS I-l 10 20 1982 West Bank
TM-23 rvs I-l 10 IVS I-l 10 20 1982 As Salt

TMID Allele 1 Allele2 Age DOB Ethnic
TM-24 IVS I-l 10 rvs I-l 10 16 1986 As Salt
TM-25 IVS I-l IVS 1-6 24 1978 West Bank
TM-26 IVS 1-6 rvs I-l 10 19 1983 West Bank
TM-27 IVS 1-6 IVS I-l 10 23 1979 West Bank
TM-28 Cd37 rvs 1-6 16 1986 West Bank
TM-29 Cd37 rvs 1-6 13 1989 West Bank
TM-30 Cd39 Cd39 19 1983 West Bank
TM-31 IVS I-l rvs 1-6 14 1988 West Bank
TM-32 Cd5 (-CT) Cd5 (-CT) 20 1982 West Bank
TM-33 IVS I-l 10 rvs I-l 10 16 1986 West Bank
TM-34 Cd 8(-AA) Cd 8(-AA) 13 1989 West Bank
TM-35 IVS I-l Cdl 12 1990 Wadi As saer
TM-36 rvs I-l 10 rvs I-l 10 9 1993 West Bank
TM-37 IVS I-l IVS I-l 10 10 1992 West Bank
TM-38 IVS I-l IVS I-l 10 16 1986 West Bank
TM-39 Cd5 (-CT) IVS I-l 10 13 1989 West Bank
TM-40 Cd39 rvs I-l 10 16 1986 West Bank
TM-41 Cd39 rvs I-l 10 11 1991 West Bank
TM-42 Cd 39 Cd39 25 1977 West Bank
TM-43 IVS I-l 10 IVS I-l 10 12 1990 West Bank
TM-44 IVS I-l IVS I-l 22 1980 West Bank
TM-45 Cd39 Cd39 21 1981 West Bank
TM-46 Cd39 rvs I-l 10 14 1988 West Bank
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Aimex

TMID Allele 1 Allele2 Age DOB Ethnic
TM-47 Cd37 Cd37 15 1987 West Bank
TM-48 rvs 1-6 rvs 1-5 26 1976 West Bank
TM-49 IVS I-l 10 IVS I-l 10 13 1989 West Bank
TM-50 rvs I-l 10 rvs I-l 10 19 1983 West Bank
TM-51 rvs I-l rvs I-l 16 1986 West Bank
TM-52 Cd39 rvs I-l 10 18 1984 West Bank
TM-53 rvs I-l rvs I-l 10 21 1981 Irbid
TM-54 rvs I-l rvs I-l 10 25 1977 Irbid
TM-55 Cd 6 (-A) Cd 6 (-A) 18 1984 West Bank
TM-56 Cd 6 (-A) Cd 6 (-A) 19 1983 West Bank
TM-57 Cd 39 Cd 39 16 1986 West Bank
TM-58 Cd37 Cd37 12 1990 West Bank
TM-59 rvs I-l 10 rvs I-l 10 15 1987 Wadi As saer
TM-60 rvs n -1 r v s n -1 20 1982 Wadi As saer
TM-61 rvs I-l Cd37 19 1983 West Bank
TM-62 rvs I-l IVS I-l 10 21 1981 West Bank
TM-63 rvs I-l rvs I-l 13 1989 West Bank
TM-64 Cd39 Cd39 20 1982 West Bank
TM-65 rvs I-l rvs I-l 12 1990 Amman
TM-66 rvs I-l rvs 1-6 13 1989 West Bank
TM-67 rvs I-l 10 rvs I-l 10 12 1990 West Bank
TM-68 rvs I-l 10 IVS I-l 10 9 1993 West Bank
TM-69 rvs 1-6 rvs I-l 10 14 1988 West Bank
TM-70 rvs I-l rvs I-l 19 1983 West Bank
TM-71 rvs I-l rvs 1-6 9 1993 West Bank

TMID Allele 1 AlleleZ Age DOB Ethnic
TM-72 Cd39 Cd39 20 1982 West Bank
TM-73 Cd39 Cd39 15 1987 West Bank
TM-74 IVS I-l IVS 1-6 20 1982 West Bank
TM-75 -30 rvs I-l 10 18 1984 West Bank
TM-76 -30 IVS I-l 10 12 1990 West Bank
TM-77 IVS I-l 10 rvs I-l 10 14 1988 West Bank
TM-78 IVS n-1 IVS n-1 19 1983 West Bank
TM-79 rvs I-l 10 rvs I-l 10 23 1979 West Bank
TM-80 rvs I-l 10 rvs I-l 10 14 1988 West Bank
TM-81 IVS I-l IVS I-l 10 19 1983 West Bank
TM-82 Cd37 Cd37 29 1973 West Bank
TM-83 r v s n -1 IVS n-1 11 1991 West Bank
TM-84 rvs I-l IVS n-1 19 1983 West Bank
TM-85 Cd 27 Cd 27 18 1984 West Bank
TM-86 Cd 26 rvs I-l 10 14 1988 J Valli
TM-87 -30 -30 34 1968 JValli
TM-88 IVS I-l rvs I-l 10 1992 West Bank
TM-89 IVS I-l IVS I-l 11 1991 Irbid
TM-90 IVS n-1 rvs n -1 7 1995 West Bank
TM-91 IVS I-l HbS 7 1995 J Valli
TM-92 rvs I-l HbS 11 1991 JValli
TM-93 IVS I-l HbS 31 1971 J Valli
TM-94 IVS I-l 10 HbS 28 1974 JValli
TM-95 rvs I-l IVS I-l 21 1981 West Bank
TM-96 rvs I-l 10 rvs I-l 10 16 1986 West Bank
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/\imcx

TMID Allele 1 Allele2 Age DOB Ethnic
TM-97 Cd 6 (-A) Cd 6 (-A) 9 1993 Mafraq
TM-98 IVS I-l rvs I-l 16 1986 Ajloun
TM-99 Cd 8(-AA) Cd 8(-AA) 8 1994 Tafeiah
TM-100 rvs I-l 10 IVS I-l 10 19 1983 West Bank
TM-101 rvs n-745 IVS n-745 16 1986 Mafraq
TM-102 IVS n-745 IVS n-745 17 1985 Mafraq
TM-103 Cd5 (-CT) Cd5 (-CT) 10 1992 Irbid
TM-104 rvs 1-5 IVS 1-5 9 1993 Amman
TM-105 IVS 1-6 Cd 8(-AA) 16 1986 Amman
TM-106 rvs 1-6 rvs I-l 10 13 1989 Ajloun
TM-107 Cd37 HbS 14 1988 Irbid
TM-108 rvs I-l 10 rvs I-l 10 12 1990 West Bank
TM-109 Cd 15 (G-A) Cd 15 (G-A) 16 1986 Jerash
TM-110 rvs I-l 10 rvs I-l 10 12 1990 West Bank
TM-111 IVS I-l rvs I-l 6 1996 Amman
TM-112 Cd37 rvs I-l 17 1985 Ajloun
TM-113 -29 (A-C) -29 (A-C) 10 1992 As Salt
TM-114 IVS 1-6 rvs n-745 12 1990 Ajloun
TM-115 rvs 1-6 rvs I-l 10 19 1983 Irbid
TM-116 HbS IVS I-l 10 8 1994 West Bank
TM-117 IVS n-745 IVS n-745 12 1990 Irbid
TM-118 rvs I-l 10 IVS I-l 10 10 1992 Amman
TM-119 rvs n-745 IVS n-745 11 1991 Ajloun
TM-120 Cd39 rvs 1-6 9 1993 West Bank
TM-121 rvs n-848 IVS n-848 11 1991 Irbid

TMID Allele 1 Allele2 Age DOB Ethnic
TM-122 IVS n-1 IVS n-1 9 1993 JValli
TM-123 Cd5 (-CT) Cd5 (-CT) 20 1982 West Bank
TM-124 Cd5 (-CT) Cd5 (-CT) 17 1985 West Bank
TM-125 IVS n-745 IVS n-745 12 1990 Ajloun
TM-126 rvs 1-6 rvs n-1 7 1995 West Bank
TM-127 IVS n-1 IVS n-1 8 1994 Amman
TM-128 IVS n-1 rvs n-1 6 1996 West Bank
TM-129 IVS I-l rvs I-l 10 1992 West Bank
TM-130 Cd37 Cd37 9 1993 Irbid
TM-131 IVS I-l rvs I-l 10 7 1995 Amman
TM-132 IVS n-745 rvs I-l 10 7 1995 West Bank
TM-133 IVS n-745 IVS n-745 7 1995 Irbid
TM-134 IVS n-745 IVS n-745 6 1996 Ajloun
TM-135 IVS I-l rvs n-745 6 1996 Irbid
TM-136 Cd5 (-CT) Cd5 (-CT) 8 1994 Irbid
TM-137 Cd37 Cd37 17 1985 Irbid
TM-138 Cd37 Cd37 16 1986 Irbid
TM-139 IVS I-l IVS I-l 15 1987 West Bank
TM-140 IVS I-l IVS I-l 15 1987 Irbid
TM-141 IVS 1-6 Cd37 6 1996 Irbid
TM-142 IVS 1-6 IVS 1-6 20 1982 West Bank
TM-143 IVS I-l IVS I-l 10 1992 West Bank
TM-144 IVS I-l 10 IVS I-l 10 4 1998 Wadi As saer
TM-145 rvs I-l 10 rvs I-l 10 9 1993 Ajloun
TM-146 IVS I-l rvs I-l 7 1995 West Bank
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Annex

TMDD Allele 1 Allele2 Age DOB Ethnic
TM-147 Cd37 HbS 6 1996 JValli
TM-148 IVS I-l 10 r v s  I-l 10 8 1994 Irbid
TM-149 IVS n-1 HbS 7 1995 West Bank
TM-150 r v s  I-l 10 r v s  I-l 10 6 1996 West Bank
TM-151 IVS n-745 r v s  n-745 5 1997 Irbid
TM-152 Cd 39 Cd39 5 1997 West Bank
TM-153 Cd37 Cd37 5 1997 Jerash
TM-154 r v s  I-l r v s  I-l 5 1997 Zarqa
TM-155 IVS 1-5 r v s  1-5 3 1999 West Bank
TM-156 IVS I-l 10 Cd30 4 1998 West Bank
TM-157 Cd 15 (G-A) Cd 15 (G-A) 6 1996 West Bank
TM-158 IVS 1-5 IVS 1-5 7 1995 As Salt
TM-159 Cd 8(-AA) Cd 8(-AA) 11 1991 Zarqa
TM-160 Cd 8C-AA) Cd 8(-AA) 6 1996 West Bank
TM-161 Cd37 Cd37 5 1997 Irbid
TM-162 rv s  n-745 r v s  n-745 5 1997 Ajloun
TM-163 r v s  I-l 10 IVS n-745 18 1984 Ajloun
TM-164 r v s  I-l IVS I-l 2 2000 As Salt
TM-165 Cd37 HbS 4 1998 JValli
TM-166 r v s  n-745 r v s  n-745 8 1994 Ajloun
TM-167 Cd37 IVS 1-5 3 1999 West Bank
TM-168 Cd39 Cd 39 3 1999 Mafraq
TM-169 rv s  I-l 10 r v s  1-6 8 1994 West Bank
TM-170 r v s  I-l HbS 3 1999 West Bank
TM-171 r v s  I-l HbS 17 1985 Irbid

TMID Allele 1 Allelel Age DOB Ethnic
TM-172 Cd37 Cd37 5 1997 Mafraq

342



Annex 2. List of all the haematological parameters, the P-genotype, the a-genotype and the Xmn I  polymorphism among (107) 

thalassaemia intermedia patients. Haematological data was obtained at the time of study, and some patients were 
transfused.

Sr
No.

Pat.
No. F. Sex Age

Hb
g/dl

MCV
fL

MCH
Pg

Hb
A%

Hb
A2%

Hb
F% Allele 1 Allele 2 Genotype Xmn I Alpha

Contributing factor to 
T1

1 1 F-1 F 10 7.6 49 15.7 65.2 6.2 28.6 IVS-1-6 IVS-1-6 Homo 1-6 ao t/aa m Id p-allele
2 2 F-1 F 4 9 50.8 16.2 82.7 6.8 10.5 IVS-1-6 IVS-1-6 Homo 1-6 aa /-4 .2 a m Id p-allele + a  trait
3 3 F-1 F 7 9.7 43 13.5 86.6 8.1 5.3 IVS-1-6 IVS-1-6 Homo 1-6 aa /-4 .2 a m Id p-allele + a  trait
4 4 F-2 F 11 8.4 62 19.9 74.3 4.8 20.9 IVS-1-6 IVS-1-6 Homo 1-6 aaJaa m Id p-allele
5 5 F-2 M 3 8.7 51 31 77.9 7.9 14 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
6 6 F-4 M 10 8.1 64.3 20.5 57 6.2 36.8 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
7 7 F-4 M 7 6.9 51.9 16.5 75.1 7.8 17.1 IVS-1-6 IVS-1-6 Homo 1-6 a a / a a m Id P-allele
8 8 F-5 M 18 7.8 68 17.6 82.4 5.9 11.7 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
9 9 F-5 M 15 7.9 53 14.5 80.1 7.9 12 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
10 10 F-5 F 8 7.9 52 15 76.5 6.9 16.6 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
11 11 F-5 F 9 7.9 54 14.7 78.3 8 13.7 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
12 12 F-8 M 3 6.9 51 14.8 63.8 5.3 30.9 IVS-1-6 IVS-1-6 Homo 1-6 a a / a a m Id P-allele
13 13 F-8 M 12 11.2 59 18.5 82.2 5.9 11.9 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
14 14 F-10 M 24 8.9 71 19.2 73.9 7 19.1 IVS-1-6 IVS-1-6 Homo 1-6 a a / a a m Id P-allele
15 15 F-10 M 22 11 56 15.6 87 8.6 6.2 IVS-1-6 IVS-1-6 Homo 1-6 a a /-3 .7 a m Id p-allele + a  trait
16 16 F-10 M 27 11 55 17.6 81.7 8.1 10.2 IVS-1-6 IVS-1-6 Homo 1-6 a a / a a m Id p-allele
17 17 F-10 F 70 7.5 53 17.7 92.2 6.7 1.3 IVS-1-6 IVS-1-6 Homo 1-6 aa /-3 .7 a m Id P-allele + a  trait
18 18 F-14 M 14 6.6 68 17.8 85.2 6.9 7.9 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
19 19 F-19 M 20 5.7 79 25 72.3 2.7 25 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
20 20 F-19 M 8 9 58.1 18.2 78.1 5.8 16.1 IVS-1-6 IVS-1-6 Homo 1-6 a a / a a m Id p-allele
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pytcii

Sr
No.

Pat.
No. F. Sex Age

Hb
g/dl

MCV
fL

MCH
PR

Hb
A%

Hb
A2%

Hb
F% Allele 1 Allele 2 Genotype Xmn I Alpha

Contributing factor to 
TI

21 21 F-20 F 5 8.8 60.8 19.8 54.7 5.3 40 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
22 22 F-23 M 8 6.4 44 13.6 82.2 4.9 12.9 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
23 23 F-23 M 2 7.1 52 15.6 61.1 2.4 36.5 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
24 24 F-24 F 17 7.7 48 14.2 81.1 7.2 11.6 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
25 25 F-24 F 13 9.4 47 15.4 85.9 7 7.1 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
26 26 F-28 F 32 7.1 51 15.2 85.2 6.4 8.4 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
27 27 F-28 F 39 7.2 53 15.2 82.4 6.8 10.8 IVS-1-6 IVS-1-6 Homo 1-6 aa /aa m Id P-allele
28 28 F-33 M 15 8.8 55 17.8 82.2 5.9 11.8 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
29 29 F-33 F 14 8.6 60 18.5 88.7 6.1 5.2 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
30 30 F-34 M 7 6.8 66.1 20.7 86.8 5.2 8 IVS-1-6 IVS-1-6 Homo 1-6 a a /a a m Id P-allele
31 31 F-49 M 2 8.1 57 18.2 71.1 4.3 24.6 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
32 32 F-51 M 48 8 61 16.9 70.9 5.9 23.2 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
33 33 F-51 F 14 9 54 15.5 77.8 4.7 17.5 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
34 34 F-51 F 16 7.7 53 15.8 64.3 5.8 29.9 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
35 35 F-51 F 15 7.5 49 14.4 67.8 6.2 26 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
36 36 F-51 F 20 7.5 52 15 72.1 6.6 21.3 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
37 37 F-59 F 23 5.9 42 12.1 83.5 7.5 9.3 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
38 38 F-59 F 9 7 49 13.5 83.8 6.8 9.4 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
39 39 F-59 M 24 9 48 13.3 IVS-1-6 IVS-1-6 Homo 1-6 a a /a a m Id p-allele
40 40 F-64 F 5 9.3 59 19 85 5.6 9.4 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
41 41 F-67 M 18 8 75 19.7 83.1 7.9 9 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id p-allele
42 42 F-69 M 39 7.2 86 24 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
43 43 F-70 M 2 7.4 62 19 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
44 44 F-71 F 4 8 58 16.3 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
45 45 F-72 M 3 8.6 58 16.3 68.1 2.9 29 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa m Id P-allele
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Sr
No.

Pat.
No. F. Sex Age

Hb
g/dl

MCV
fL

M CH Hb
A %

Hb
A2%

Hb
F% Allele 1 Allele 2 Genotype Xmn I Alpha

C ontributing  factor to 
TI

46 46 F-73 M 4 8.4 63 19.1 80.5 7.2 12.3 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa mild p-allele
47 47 F-75 M 11 6.6 68.1 5.3 26.6 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa mild P-allele
48 48 F-80 F 4 11.1 78 25.7 73.6 5.2 19.4 IVS-1-6 IVS-1-6 Homo 1-6 aa/aa mild p-allele
49 49 F-12 F 19 IVS II-1 IVS II-1 Homo II-l aa/aa p-allele
50 50 F-12 M 12 IVS II-1 IVS II-l Homo II-l aa/aa p-allele
51 51 F-26 M 14 IVS II-1 IVS II-l Homo II-l aa/aa P-allele
52 52 F-37 M 15 8.2 79 23.6 40.3 3 56.7 IVS II-1 IVS II-l Homo II-l -/+ aa/aa p-allele
53 53 F-37 M 13 8 80 25 66.2 2.6 31.2 IVS II-1 IVS II-l Homo II-l -/+ aa/aa p-allele
54 54 F-38 F 9 IVS II-1 IVS II-l Homo II-l aa/aa P-allele
55 55 F-38 F 12 IVS II-1 IVS II-l Homo II-l aa/aa p-allele
56 56 F-39 M 21 IVS II-1 IVS II-l Homo II-l -/+ aa/aa p-allele
57 57 F-39 F 18 8.5 64.2 21.3 0 5 ' 95 IVS II-1 IVS II-l Homo II-l -/+ aa/aa p-allele
58 59 F-45 F 25 7.8 68 21.9 25.3 2.8 72.2 IVS II-1 IVS II-l Homo II-l aa/aa p-allele
59 60 F-52 M 2 7.5 54 15.9 5.8 6.4 87.8 IVS II-1 IVS II-l Homo II-l aa/aa P-allele
60 61 F-57 M 1 8 48 13 57.9 3.8 32 IVS II-1 IVS II-l Homo II-l aa/aa p-allele
61 62 F-57 F 2 8.2 68 21.8 10.5 2 87.5 IVS II-1 IVS II-l Homo II-l aaJaa P-allele
62 63 F-61 M 22 8.1 92 29.9 25.8 2.4 71.8 IVS II-1 IVS II-l Homo II-1 -/+ aa/aa P-allele
63 70 F-50 F 3 7.2 56 16 28.3 7 64.7 -90 -90 Homo -90 a a / a a mild P-allele
64 68 F-18 M 35 8.5 67.7 23.1 39.7 4.1 56.2 11-848 11-848 Homo 11-848 aa/aa P-allele
65 69 F-18 F 30 6.8 75.5 25.8 43.8 5.3 50.9 11-848 11-848 Homo 11-848 aa/aa p-allele
66 71 F-22 M 4 8.7 63.8 21.1 42.6 2.4 55 IVS-1-6 IVS 1-110 1-6/ I-l 10 -/+ aa/aa mild p-allele
67 72 F-81 M 8 7.5 62 19 39 2.7 58.3 IVS-1-6 IVS 1-110 1-6/ I-l 10 aa/aa mild P-allele
68 73 F-81 M 11 6.9 59 19.5 40 2.6 57.4 IVS-1-6 IVS 1-110 1-6/ I-l 10 aa/aa mild P-allele
69 74 F-81 M 13 6.5 60 21.1 42 2.7 55.3 IVS-1-6 IVS 1-110 1-6/ I-l 10 aa/aa mild p-allele
70 75 F-32 M 11 9.4 74.7 24.3 71.7 5.2 23.1 IVS-1-6 IVS 1-5 1-6/1-5 -/+ aa/aa mild P-allele
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Sr
No.

Pat.
No. F. Sex Age

Hb
g/dl

MCV
fL

MCH
PS

Hb
A%

Hb
A2%

Hb
F% Allele 1 Allele 2 Genotype Xmn I Alpha

Contributing factor to 
TI

71 76 F-44 F 13 IVS-1-6 Codon 37 1-6/ cd37 -/+ aa/aa mild p-allele
72 77 F-44 M 11 IVS-1-6 Codon 37 1-6/ cd37 -/+ aa/aa mild P-allele
73 78 F-42 M 7 6.7 75 22 IVS-1-6 Codon 30 1-6/ Cd 30 aa/aa mild p-allele
74 79 F-42 F 5 6.4 70 23 IVS-1-6 Codon 30 1-6/ Cd 30 aa/aa mild P-allele
75 80 F-65 F 6 11 77 24.5 42.8 3.6 53.6 IVS-1-6 Codon 30 1-6/ Cd 30 -/+ aa/aa mild P-allele
76 81 F-66 M 2 7 60 18.3 50.3 3.2 44.6 IVS-1-6 Codon 30 1-6/ Cd 30 -/+ aa/aa mild P-allele
77 82 F-68 F 11 13 81 26.6 84 5.8 10.2 IVS-1-6 Codon 30 1-6/ Cd 30 aa/aa mild P-allele
78 83 F-43 F 7 IVS-1-6 -30 1-6/ -30 aa/aa mild p-allele
79 84 F-43 F 12 IVS-1-6 -30 1-6/ -30 aaJaa mild p-allele
80 99 F-74 M 10 7.5 35 4.6 59.8 IVS-1-6 IVS II-l I-6/II-1 aa/aa mild P-allele
81 100 F-79 M 7 9.1 60 20 37 3 60 IVS II-l IVS-1-6 I-6/1I-1 aa/aa mild p-allele
82 101 F-82 F 18 28.5 3.5 68 IVS-1-6 IVS II-l I-6/II-1 a a /a a mild P-allele
83 87 F-47 M 3 10.1 77 24.9 Codon 37 -87 -87/Cd 37 aa/aa mild p-allele
84 88 F-47 M 5 11.3 63 20.7 86.3 6.2 7.5 Codon 37 -87 -87/Cd 37 aa/aa mild P-allele
85 89 F-15 M 20 7.7 58.9 17.3 63 12.5 29.1 -87 n-848 -87/ n-848 aa/aa mild p-allele
86 90 F-35 M 24 8.7 75 21 44.5 7.3 48.2 -87 n-848 -87/ n-848 aa/aa mild p-allele
87 91 F-35 F 32 7.4 84 23.6 40.6 6.3 53.1 -87 n-848 -87/ n-848 a a /a a mild P-allele
88 92 F-35 M 15 7.5 75 22.5 -87 n-848 -87/ n-848 aa/aa mild p-allele
89 93 F-36 M 14 8.7 50 15.2 60.6 6.6 32.8 -87 n-848 -87/ n-848 aa/-3.7a mild p-allele + a  trait
90 94 F-36 M 4 8.3 51 15.4 42.5 7.5 50 -87 n-848 -87/ n-848 aa/-3.7a mild p-allele + a  trait
91 98 F-62 M 6 70.7 3.1 26.2 rvs 1-5 -88 -88/1-5 a a /a a mild B-allele
92 96 F-25 F 15 7.5 64.4 20.1 45.5 2.5 51.9 22 n-745 +22/11-745 -/+ aa /a a mild p-allele + Xmn I
93 97 F-25 M 13 9.6 62.9 19 41.8 2.4 55.8 22 n-745 +22/11-745 -/+ aa/aa mild p-allele + Xmn I
94 58 F-40 F 8 3 62 17.1 4.6 78.2 IVS II-l IVS 1-110 11-1/I-l 10 aa/-3.7a p-allele + a  trait
95 102 F-31 M 16 7.2 50.8 15.6 72 3 25 Cd 27 n-848 Il-848/Cd 27 aa/-3.7a p-allele + a  trait
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Sr
No.

Pat.
No. F. Sex Age

Hb
g/dl

MCV
fL

MCH
PR

Hb
A%

Hb
A2%

Hb
F% Allele 1 Allele 2 Genotype Xmn I Alpha

Contributing factor to 
TI

96 104 F-76 M 19 8.1 72 23.4 IVS 1-110 IVS 1-110 Homo I-l 10 -/- a a /-3 .7 a a  trait
97 105 F-76 F 7 10.2 74 26.4 IVS 1-110 IVS 1-110 Homo I-l 10 -/- a a /-3 .7 a a  trait

98 103 F-58 M 2 11.8 62 19.2 90.8 2.6 6.6 normal normal Norm -/-
aa/a  2 IVS 5nt 
del a  trait

99 106 F-3 M 7 8.7 61 17.4 81.3 5.2 13.5 IVS 1-5 normal 1-5/ Norm -/- a o t/a a a a  trait
100 107 F-3 F 15 9.5 64 20.9 84.8 4.8 10.4 IVS 1-5 normal 1-5/Norm -/- aaJaaa a  trait
101 64 F-13 M 29 11 80 24.3 0 1.7 98.3 Cd 6 (-A) Cd 6 (-A) Homo Cd 6 +/+ aa/aa Xmn I
102 65 F-13 M 21 9.7 76 22.9 0 2.3 97.7 Cd 6 (-A) Cd 6 (-A) Homo Cd 6 +/+ aa/aa Xmn I
103 66 F-13 F 19 9.7 83 24 0 1.6 98.4 Cd 6 (-A) Cd 6 (-A) Homo Cd 6 +/+ aa/aa Xmn I
104 67 F-13 M 12 8.6 82 23.8 0 1.6 98.4 Cd 6 (-A) Cd 6 (-A) Homo Cd 6 +/+ aa/aa Xmn I
105 95 F-29 M 8 10.5 67 21.3 0.3 2.3 97.4 Cd 8 (-AA) Cd 8 (-AA) Homo Cd 8 +/+ ao t/aa Xmn I
106 85 F-30 M 5 10.5 76.1 24.4 88.2 1.7 10.1 IVS 1-1 IVS II-l 11-1/I-l -/+ ao t/aa p -  allele + Xmn I
107 86 F-16 F 5 9.5 66 20.2 7.2 2.1 91.6 IVS 1-110 (SP)° (0P)°/ I-l 10 -/- ao t/aa (SP)°
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Annex 3. The haematological and genetic data among 48 homozygous IVS 1-6 patients.

ID FAM Sex Age
Diag.

Diagnosis H bg/dl MCV MCH HB A% HB A2% HB F% Abs Hb A alpha Haplotype
1 Fam-1 F 4 4 9 50.8 16.2 82.7 6.8 10.5 8.06 aa/-4.2a VI/VI
2 Fam-1 F 7 7 9.7 43 13.5 86.6 8.1 5.3 9.19 ao/-4.2a VI/VI
3 Fam-10 M 27 27 11 55 17.6 81.7 8.1 10.2 9.88 aa/-3.7a VIVI
4 Fam-51 F 16 17 7.7 53 15.8 64.3 5.8 29.9 5.4 aa/aa VIVI
5 Fam-51 F 20 21 7.5 52 15 72.1 6.6 21.3 5.9 aa/aa VI/VI
6 Fam-5 F 8 8 7.9 52 15 76.5 6.9 16.6 6.59 aa/aa VI/VI
7 Fam-19 M 8 8 9 58.1 18.2 78.1 5.8 16.1 7.55 aa/aa Vl/VIa
8 Fam-10 F 70 70 7.5 53 17.7 92.2 6.7 1.3 7.4 aa/-3.7a VI/VI
9 Fam-2 M 3 4 8.7 51 31 77.9 7.9 14 7.48 aa/aa VI/VI
10 Fam-5 F 9 9 7.9 54 14.7 78.3 8 13.7 6.82 aa/aa VIVI
11 Fam-10 M 22 22 11 56 15.6 87 8.6 6.2 10.32 aot/-3.7a VI/VI
12 Fam-24 F 13 13 9.4 47 15.4 85.9 7 7.1 8.73 aa/aa VlI/VIIa
13 Fam-51 F 15 15 7.5 49 14.4 67.8 6.2 26 5.55 aa/aa VI/VI
14 Fam-59 M 24 19 9 48 13.3 . a a /a a VI/VII
15 Fam-49 M 2 1.3 8.1 57 18.2 71.1 4.3 24.6 6.11 aa/aa VI/VI
16 Fam-24 F 18 2 7.7 48 14.2 81.1 7.2 11.6 6.81 a a /a a VlI/VIIa
17 Fam-51 F 14 12 9 54 15.5 77.8 4.7 17.5 7.43 aa/aa VI/VI
18 Fam-5 M 18 6 7.8 68 17.6 82.4 5.9 11.7 6.89 a a /a a VI/VI
19 Fam-5 M 15 15 7.9 53 14.5 80.1 7.9 12 6.95 aa/aa VI/VI
20 Fam-8 M 3 3 6.9 51 14.8 63.8 5.3 30.9 4.77 a a /a a VII/VII
21 Fam-28 F 39 39 7.2 53 15.2 82.4 6.8 10.8 6.42 a a /a a VII/VII
22 Fam-59 F 23 12 5.9 42 12.1 83.5 7.5 9.3 5.35 aa/aa VI/VII
23 Fam-64 F 5 1.3 7 59 19 85 5.6 9.4 8.43 aa/aa VI/VI
24 Fam-70 M 2 1 7.4 62 19 aa/aa VI/VI
25 Fam-10 M 24 8 8.9 71 19.2 73.9 7 19.1 7.2 a a /a a VI/VI
26 Fam-67 M 18 1 8 75 19.7 83.1 7.9 9 7.28 a a /a a VI/VI
27 Fam-71 F 4 3 8 58 16.3 a a /a a VI/VI
28 Fam-72 M 3 1 8.6 58 16.3 68.1 2.9 29 6.11 aa/aa VII/VII
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ID FAM Sex Age
Diag.

Diagnosis Hbg/dl MCV MCH HB A% HB A2% HB F% Abs Hb A alpha Haplotype
29 Fam-75 M 11 6 6.6 68.1 5.3 26.6 4.84 aoc/aa VI/VI
30 Fam-8 M 12 11 7 59 18.5 82.2 5.9 11.9 9.87 aot/aa VII/VII
31 Fam-2 F 11 9 8.4 62 19.9 74.3 4.8 20.9 6.64 aot/aa VI/VI
32 Fam-4 M 10 6 6.9 51.9 16.5 75.1 7.8 17.1 5.72 a a /a a VII/VII
33 Fam-80 F 4 1.5 7 78 25.7 73.6 5.2 19.4 8.95 aa/aa VI/VI
34 Fam-51 M 48 12 8 61 16.9 70.9 5.9 23.2 6.14 aa/aa VI/VI
35 Fam-1 F 10 5 7.6 49 15.7 65.2 6.2 28.6 5.43 a a /a a VI/VI
36 Fam-19 M 20 15 5.7 79 25 72.3 2.7 25 4.28 aot/aa Vl/VIa
37 Fam-59 F 9 1.7 7 49 13.5 83.8 6.8 9.4 6.34 a a /a a VI/VII
38 Fam-14 M 14 5 6.6 68 17.8 85.2 6.9 7.9 6.08 aa/aa VI/VI
39 Fam-23 M 8 2 6.4 44 13.6 82.2 4.9 12.9 5.57 aa/aa VII/VII
40 Fam-33 M 15 6 7 55 17.8 82.2 5.9 11.8 7.76 aa/aa VII/VII
41 Fam-73 M 4 3 7 63 19.1 80.5 7.2 12.3 7.37 aaJaa VII/VII
42 Fam-28 F 32 32 7.1 51 15.2 85.2 6.4 8.4 6.5 aa/aa VII/VII
43 Fam-34 M 9 3 6.8 66.1 20.7 86.8 5.2 8 6.26 aot/aa VII/VII
44 Fam-33 F 14 4 7 60 18.5 88.7 6.1 5.2 8.15 aa/aa VII/VII
45 Fam-20 F 5 1 7 60.8 19.8 54.7 5.3 40 5.28 aa/aa VlI/VIIa
46 Fam-23 M 2 1.2 7.1 52 15.6 61.1 2.4 36.5 4.51 aot/aa VII/VII
47 Fam-4 M 10 3 8.1 64.3 20.5 57 6.2 36.8 5.12 aa/aa VII/VII
48 Fam-69 M 39 2 7.2 86 24 aa/aa VI/VI
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Annex 4. A summary of the clinical findings among homozygous IVS 1-6 patients.

ID B lo o d  tra n s. A g e  sta r t
A g e  sto p p ed  b lood  
tran s. sp leen

sp leen  size  &  
sp len ec to m y W t p e r ce n tile H t p e r ce n tile

1 none non slightly enlarged 0.5 cm 5 0-75  th percentile 50-75th  per

2 none non slightly enlarged 1.5 cm 50-75  th percentile 90-97th  per

3 none non no enlargem ent. 0 5 0-75  th percentile 2 5 -5 0th per

4 none non no enlargem ent. 0 25 -5 0  th percentile 25-50th  per

5 none non slightly enlarged 3 cm 9 0 -9 7  th percentile 90-97th  per

6 none non no enlargem ent. 0 3 -1 0  th percentile 10-25th percentile

7 none non no enlargem ent. 0 2 5 -5 0  th percentile 10-25th percentile

8 once, 0 mre than 10 years o ld no enlargem ent. 0 7 5 -9 0  th percentile 25-50th  per

9 none non no enlargem ent. 2 cm 10-25 th percentile 10-25th  percentile

10 none non no enlargem ent. 0 2 5 -5 0  th percentile 3 - 10th percentile

11 none non slightly enlarged 1.5 cm 3 -10  th percentile 3 - 10th percentile

12 none non no enlargem ent. 0 2 5 -5 0  th percentile 25-50th  per

13 none non no enlargem ent. 0 3 -1 0  th percentile 10-25th percentile

14 none non enlarged 17/13 cm 2 5-50  th percentile 50-75th  per

15 once, before the age o f  2 no enlargem ent, 0 10-25 th percentile 90-97th  per

16 pone non enlarged 9/5 cm 5 0-75  th percentile 75-90th  per

17 once. non slightly enlarged 2 cm 2 5 -5 0  th percentile 10-25th  percentile

18 stopped from  5 -1 0  years o ld 1 lyrs/stp Splenectom y 1 lyrs/stp 3 -1 0  th percentile 50-75th  per

19 none non slightly enlarged 2 cm 3-1 0  th percentile <3

20 none non no enlargem ent. 0 <3 percentile 10-25th  percentile

21 none non no enlargem ent. 0 50-75  th percentile 25-50th  per

22 o nce. non slightly enlarged 2 cm 97 -> 9 7  percentile 2 5 -5 0 th  per

23 >  four per year from  2-3  years o ld enlarged 5.5  cm 10-25 th percentile 50 -7 5 th  per

24 >  four per year from  2-3  years old no enlargem ent. 0 7 5 -9 0  th percentile 50-75th  per
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ID B lo o d  tra n s. A g e  sta r t
A g e  sto p p ed  b lood  
tran s. sp leen

sp leen  size  & 
sp len ec to m y W t p e r ce n tile H t p e r ce n tile

25 stopped 6yrs 17yr/stp Splenectom y 17yr/stp 3 -1 0  th percentile 3 - 10th percentile

26 tw o or less per year from 5 -1 0  years o ld 7yr/stp Splenectom y 7yr/stp 10-25 th percentile 25-50th  per

27 three or four /  year from 3 . 1 - 4  years old no enlargem ent, 0 <3 percentile 3 - 10th percentile

28 three or four / year before the age o f  2 enlarged 7 cm 3 -1 0  th percentile 10-25th percentile

29 > four per year from  3 . 1 - 4  years old slightly enlarged 2 cm 2 5 -5 0  th percentile 50-75th  per

30 two or less per year once ^lightly enlarged 1 cm 3- 10  th percentile 10-25th percentile

31 two or less per year from 2-3  years old enlarged 7 cm <3 percentile <3

32 three or four / year from  3 . 1 - 4  years old èn larged 4 cm 50-75  th percentile 25-50th  per

33 > four per year before the age o f  2 slightly  enlarged 3 cm 50-75  th percentile 25-50th  per

34 stopped mre than 10 years o ld 17yrs/stp Sp len ectom y 17yrs/stp 7 5 -9 0  th percentile 50-75th  per

35 three or four /  year from 3 . 1 - 4  years old enlarged 5 cm 10-25 th percentile 3 - 10th percentile

36 three or four / year mre than 10 years o ld slightly  enlarged 1 cm 10-25 th percentile 1 0-25th percentile

37 once, o ccasion a lly once enlarged 7/ 5 cm 5 0 -7 5  th percentile 10 -2 5th percentile

38 stopped from  3 . 1 - 4  years old lOyrs/stp Sp lenectom y lOyrs/stp <3 percentile <3

39 tw o or less per year before the age o f  2 enlarged 10/ 1 cm 25 -5 0  th percentile 25-50th  per

40 three or four / year from  5- 10  years o ld enlarged 10 cm <3 percentile <3

41 > four per year from  3 . 1 - 4  years old enlarged 5 cm 9 0 -9 7  th percentile 7 5 -90th per

42 stopped after 2 0  years o ld 33yrs/stp Splenectom y 33yrs/stp 5 0-75  th percentile 2 5 -5 0th per

43 stopped from  3 . 1 - 4  years o ld 8yrs/stp Sp lenectom y 8yrs/stp 7 5 -9 0  th percentile 75-90th  per

44 three or four /  year from  3 . 1 - 4  years old 13yrs/stp Sp lenectom y 13yrs/stp <3 percentile <3

45 > four per year from  3 . 1 - 4  years old enlarged 5 cm 5 0-75  th percentile 25-50th  per

46 > four per year before the age o f  2 enlarged 7 /5 .5  cm <3 percentile 10-25th  percentile

47 stopped from  3 . 1 - 4  years o ld 7yrs/stp Splenectom y 7yrs/stp 10-25 th percentile 3 - 10th percentile

48 three or four /  year from  2-3  years o ld lO yrs/no stp Splenectom y 1 Oyrs/no stp 75 -9 0  th percentile 50-75th  per
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Annex 5. Summary of the clinical findings among homozygous IVS 1-6 patients.

ID liver Gallstones Faces
bone and 
joint pain

pathological
fractures infections sexual Dysfun. Mobility

hospital
admission
/yr Cardiac

1 not palpable asymptomatic none none none none can walk as they wish None no murmers

2 not palpable asymptomatic none none none none can walk as they wish None no murmers

3 not palpable none none none none can walk as they wish None no murmers

4 not palpable asymptomatic none none none none can walk as they wish None no murmers

5 not palpable asymptomatic none none none none can walk as they wish None no murmers

6 not palpable asymptomatic none none none none can walk as they wish None no murmers

7 not palpable none no murmers

8 not palpable none no murmers

9 not palpable asymptomatic none none none none can walk as they wish None no murmers

10 not palpable asymptomatic none none none none can walk as they wish None no murmers

11 not palpable asymptomatic none none none none None can walk as they wish None no murmers

12 not palpable asymptomatic mild none none infrequent but > rest of the populat. can walk as they wish twice no murmers

13 not palpable ^symptomatic none none none none infertility of one year, or delay can walk as they wish None no murmers

14 not palpable asymptomatic none occasional and mild none none None can walk as they wish None no murmers

15 not palpable asymptomatic moderate none none none can walk as they wish None no murmers

16 not palpable asymptomatic mild none none infrequent but still > rest of the population can walk as they wish twice no murmers

17 not palpable asymptomatic none none none none infertility of one year, or delay can walk as they wish None no murmers

18 not palpable asymptomatic mild none none none None can walk as they wish None no murmers

19 not palpable asymptomatic mild none none none minor constraints None no murmers

2 0 not palpable asymptomatic none none none none can walk as they wish None no murmers

21 not palpable asymptomatic none none none none none can walk as they wish None no murmers

22 not palpable asymptomatic mild none none none None minor constraints None no murmers

23 not palpable asymptomatic mild none none none can walk as they wish
more than 
twice no murmers

24 mild

25 not palpable asymptomatic none none none none None can walk as they wish None no murmers

26 not palpable asymptomatic mild occasional and mild none none None can walk as they wish
more than 
twice no murmers

27 mild
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m liver Gallstones Faces
bone and 
joint pain

pathological
fractures infections sexual Dysfun. Mobility

hospital
admission
/yr Cardiac

28 not palpable asymptomatic mild none none none can walk as they wish None no murmers

29 not palpable mild

30 Slightly enlarged asymptomatic mild none none none can walk as they wish None no murmers

31 not palpable asymptomatic none none none frequent admission to hosital can walk < half a mile
More than 
twice no murmers

32 not palpable asymptomatic moderate none none infrequent but still > rest of the population can walk as they wish None functional murmer

33 Slightly enlarged asymptomatic mild none none none can walk as they wish
more than 
twice no murmers

34 not palpable cholecystectomy none none none infrequent but still > rest of the population None minor constraints None no murmers

35 not palpable asymptomatic none occasional and mild none infrequent but still > rest of the population can walk as they wish Once functional murmer
36 not palpable none
37 not palpable asymptomatic moderate occasional and mild none none can walk as they wish None functional murmer
38 not palpable asymptomatic mild occasional and mild one infrequent but still > rest of the population minor constraints None no murmers
39 pulpable asymptomatic mild none hone none can walk as they wish Once functional murmer

4 0 not palpable asymptomatic mild none none none can walk as they wish None functional murmer
41 pulpable asymptomatic mild none pone none can walk as they wish None no murmers
42 pulpable asymptomatic mild none none none None minor constraints twice no murmers

43
enlarged below 

the margin asymptomatic moderate none none frequent admission to hospital minor constraints
more than 
twice no murmers

44 Slightly enlarged occasionally pain None occasional and mild none frequent, occasional hospital admission infertility of one year, or delay can walk as they wish
more than 
twice functional murmer

45 not palpable asymptomatic moderate none none infrequent but still > rest of the population minor constraints
more than 
twice no murmers

46 Slightly enlarged asymptomatic Mild none none infrequent but still > rest of the population can walk as they wish twice no murmers
47 Slightly enlarged asymptomatic mild none none infrequent but still > rest of the population can walk as they wish none functional murmer

48
enlarged below 

the margin cholecystectomy moderate occasional and mild none frequent, occasional hospital admission none minor constraints
more than 
twice functional murmer
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Annex 6. A list of the liver function and biochemical tests among homozygous IVS 1-6 patients.

ID

S Ferritin/
M 17-230,
F 14-150 ng/ml

SE P O
3.3-16.6
m lu/m l

S T fR  
1-3.8 mg/l

Bilirubin T 
8.5-23.9 u 
mol/1

Bilirubin D 
up to 6.8 u 
mol/1

Protien T
60-80 g/1

Albumin 
35-50 g/1

Aik phos. 
0.5-1.7 U 
kat/1

ALT up 
to 0.67 
ukat/1

AST up 
to 0.67 
ukat/1

LDH
2.33-5.5
ukat/1

GGT
0.13-0.63
ukat/1

1 29.81 31.71 6.13 34 8.4 70 45 1.7 0.15 0.3 16.9 0.1
2 46.39 29.25 4.88 16.8 8.2 78 44 2.45 0.1 0.2 10 0.1
3
4 111.4 58.01 7.98 29.8 8.5 80 48 0.8 0.1 0.1 4.8 0.26
5 179.05 217.97 19.91 32 12.5 76 46 0.6 0.1 0.1 4.9 0.21
6 146.47 153.56 7.82 74 15 73 51 1.75 0.15 0.27 5 0.2
7 .

8
9
10 95.1 131.53 8.14 35 10 76 50 1.9 0.1 0.26 5.5 0.15
11 136.43 44.68 3.1 23.7 6.3 70 49 1.5 0.1 0.23 3.5 0.22
12 33.58 12.51 ^.97 31.5 7.8 69 44 0.72 0.1 p.l6 2.7 0.15
13 111.02 82.65 7.1 41 13 71 44 1.2 0.26 0.2 4.1 0.1
14 36.17 87.14 6.44 38.5 5.1 67 44 1.4 0.1 0.13 3.9 0.15
15 .

16 111.39 134.92 6.39 75 11.7 77 50 1.7 0.2 0.46 6.3 0.2
17 44.7 82.87 7.08 35 11 75 45 1.2 0.13 0.11 3.35 0.2
18 1164.29 97.51 8.1 69 17 78 46 1.4 0.95 0.8 5.6 0.35
19 140.86 96.64 7.29 87 14 72 48 2.1 0.1 0.33 5.5 0.22
20 .

21 .

22 3.98 258.64 18.7 17.6 2 72 K3 0.7 0.1 0.12 3.3 0.14
23 751.54 13 p2.2 4.1 79 45 1.5 0.11 0.18 4.76 0.12
24 17.2 20 4 75.8 1.88 0.67 0.54
25 206.8 170.51 7.34 91 18 72 45 1.1 0.5 0.35 4.6 0.5
26 1000 98.09 21.78 88.1 15.3 81 47 1.2 0.3 0.27 5.28 0.34
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ID

S Ferritin/
M 17-230,
F 14-150 ng/ml

SE P O
3.3-16.6
mlu/ml

S T fR  
1-3.8 mg/l

Bilirubin T 
8.5-23.9 u 
mol/1

Bilirubin D 
up to 6.8 u 
mol/l

Protien T 
60-80 g/l

Albumin 
35-50 g/l

Alk phos. 
0.5-1.7 U 
kat/1

ALT up 
to 0.67 
ukat/1

AST up 
to 0.67 
ukat/1

LDH
2.33-5.5
ukat/1

GGT
0.13-0.63
ukat/1

27
28 224.8 93.52 8.08 24 4 72 50 1.7 0.14 0.31 6.5 0.11
29 3087 3.66 17 72 39 1.28 0.03 0.2 4.05
30
31 226.08 306.1 7.2 75.5 8.9 68 50 3.1 0.1 0.3 6.6 0.2
32 578.33 421.36 24.75 57 12.6 79 45 1.45 0.1 0.3 7.5 0.1
33 50 2.27 13.5 71 47 2.1 0.2 0.2 3.7 0.2
34 1552.39 82.65 16.83 34 9.7 78 40 1.1 0.2 0.2 3.2 0.47
35 390 72.07 20.13 52 12 77 46 2.3 0.14 0.26 14.2 0.12
36
37 42.76 382.37 25.1 3.4 75 47 1.7 0.1 0.31 10.9 0.1
38 740.5 49.32 16.28 112 13.8 76 44 1.85 0.29 0.32 7.58 0.32
39 905.23 170 19.47 46.5 16.5 75 47 1.48 0.09 0.29 8.4 0.15
40 1103.96 64.54 17.27 48.7 3.4 65 45 1.5 0.1 0.18 4 0.11
41 694.34 92 5.33 17.5 3.4 65 44 1.3 0.21 0.41 4.24 0.2
42
43 1728 273.9 32.45 70 3.4 74 55 1.2 0.4 0.5 7.8 0.4
44 1930.4 46.71 7.82 41.5 3.4 68 44 1.6 0.31 0.3 3.2 0.23
45 194.75 152.29 7.98 77 12.8 64 43 1.5 0.1 0.4 5.2 0.1
46 869.77 97.43 5.42 18.6 6.8 65 44 2 0.1 0.25 5.9 0.15
47 235.81 126.44 7.8 62 12.4 76 45 1.2 0.2 0.3 6.3 0.1
48 6081.2 106.1 20.79 88 10.2 83 33 0.5 0.95 0.73 9.9 2

355



A nnex 7. A  sum m ary o f  the F cell, F reticu locte and E R  am ong 25 non-transfused  patien ts, h om ozygou s for  IV S 1-6.

ID
Family

No.
Hb
g/dl

Abs Hb A H bF
%

SFerritin
ng/ml

S Epo 
MlU/ml

STfR
mg/l

Reties
%

F-cell
%

Retiest flowcyto.
%

F-retics
% ER

1 Fam-1 9.0 8.06 10.5 29.81 31.71 6.13 2.18 19 2.35 20.13 0.94
2 Fam-1 9.7 9.19 5.3 46.39 29.25 4.88 2.13 11.57 2.11 11.74 0.99
4 Fam-51 7.7 5.40 29.9 111.4 58.01 7.98 2.13 59.08 2.15 58.72 1.01
5 Fam-51 7.5 5.90 21.3 179.05 217.97 19.91 2.76 38.24 2.73 37.79 1.01
6 Fam-5 7.9 6.59 16.6 146.47 153.56 7.82 4.83 30.17 4.38 29.82 1.01
10 Fam-5 7.9 6.82 13.7 95.1 131.53 8.14 3.84 30.35 3.77 30.72 0.99
12 Fam-24 9.4 8.73 7.1 33.58 12.51 2.97 1.88 18.35 2.17 18.26 1.01
13 Fam-51 7.5 5.55 26.0 111.02 82.65 7.1 1.53 41.52 1.72 41.43 1
14 Fam-59 9.0 36.17 87.14 k.44 1.01 28.19 0.75 26.53 1.06
16 Fam-24 7.7 6.81 11.6 111.39 134.92 6.39 2.78 28.33 2.1 28.64 0.99
17 Fam-51 9.0 7.43 17.5 44.7 82.87 7.08 iz.i4 46.76 2.59 46.8 1
18 Fam-5 7.8 6.89 11.7 1164.29 97.51 8.1 13.65 44.85 12.95 41.76 1.08
19 Fam-5 7.9 6.95 12.0 140.86 96.64 7.29 p.98 26.65 2.91 26.65 1
22 Fam-59 5.9 5J5 9.3 3.98 258.64 18.7 1.12 18.69 1.38 18.43 1.01
25 Fam-10 8.9 7.20 19.1 206.8 170.51 7.34 13.08 50.25 14.49 47.18 1.08
26 Fam-67 8.0 7.28 9.0 1000 98.09 21.78 20.74 53A6 19.01 33.59 1
31 Fam-2 8.4 6.64 20.9 226.08 306.1 7.2 3.18 47.65 5.18 46.78 1.02
34 Fam-51 8.0 6.14 23.2 1552.39 82.65 16.83 9.83 51.15 9.08 48 1.07
35 Fam-1 7.6 5.43 28.6 390 72.07 20.13 1.39 48.1 1.44 47.42 1.01
37 Fam-59 7.0 6.34 9.4 42.76 382.37 1.85 24.9 1.79 23.96 1.04
38 Fam-14 6.6 6.08 7.9 740.5 49.32 16.28 21.39 11.15 6.48 11.13 1
40 Fam-33 7.0 6.17 11.8 1103.96 U.54 17.27 1.12 35.73 2.37 35.5 1.01
41 Fam-73 6.8 5.96 12.3 694.34 92 5.33 1.68 27.09 3.4 27.07 1
43 Fam-34 6.8 6.26 8.0 1728 573.9 32.45 2.47 24.15 3.32 24.56 0.98
47 Fam-4 8.1 5.12 36.8 235.81 126.44 7.8 13.9 69.68 14.08 69.05 1.01
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Annex

Annex 8. Questionnaire (A) for adult TI

1. Do you know what is thalassaemia?

2. What does it means to have thalassaemia?
[ ] Constantly worried. [ ] Can not cope.
[ ] Feeling helpless. [ ] Felling weak.
[ ] Does not bother me. [ ] Others.

3. Do you worry about thalassaemia?
[ ] Not at all [ ] A little.
[ ] Sometimes [ ] A lot
[ ] All the time.
whiy?

4. What are your hopes for the future?
[ ] Being healthy/ normal [ ] Having children
[ ] Having partner [ ] doing well at school/ work
[ ] Being cured [ ] Having friends
Others...

5. What is your biggest concern or worry?

6. Do you feel healthy?

7. Does or did thalassaemia affect your school (tests)?
[ ] Low [ ] Middle [ ] Top

Would you have done better at school if you did not have thalassaemia? 
[ ] No [ ] yes Why?

8. On average how much time-off school have you lost?
[ ] None [ ] one day or less/ month
[ ] One week or less/ month [ ] more than one week/ month.

9. Dose thalassaemia affect your sport activities?
[ ] Not at all [ ] A little [ ] A lot

Would you have done better if you did not have thalassaemia?
[ ] Yes [ ] No Why?

10. Does thalassaemia affect your relationship with your fnends?
[ ] Not at all [ ] A little [ ] A lot
\\%y?

11. Does thalassaemia affect your social life?
[ ] Not at all [ ] A little [ ] A lot
Vk%y?

12. Do you think you are different from your friends/ sibs?
[ ] No [ ] yes Why?
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13. Do you think thalassaemia affects your relationship with your brother/sisters? 
[ ] No [ ] yes Why?

14. Do you think thalassaemia affects your relationship with your parents?
[ ] No [ ] yes Why?

15. Are you married?
Because...

16. Do you worry about whether you will be able to set up a family in the future? 
[ ] No [ ] yes Why?

17. Do you have a job?
[ ] No [ ] yes Why?

18. Have you had any problems with employment 
[ ] No [ ] yes Why?

19. Who do you trust or turn to for help?
[ ] parents [ ] Relatives [ ] Friends
[ ] Brothers/ sisters [ ] Spouse [ ] Doctors
[ ] Nurse [ ] Others.......................................

20. How often do you talk about your worries or problems?
[ ] Not at all [ ] A little
[ ] Sometimes [ ] A lot

21. Do you think you need support?
[ ] No [ ] yes If you need support where/ why?

22. Has anyone made any upsetting remarks concerning your illness?
[ ] No [ ] yes Explain......................................

23. Do or did your friends/ schoolmates know you have thalassaemia?
[ ] No [ ] yes Why?

24. Do or did your employer/ teacher know you have thalassaemia?
[ ] No [ ] yes Why?

(A) KEY TO SCORING ADULT PATIENT QUESTIONNAIRE

1. Education
0 = Unaffected No differences to outcome.
1 = Mild Affected but still achieved the expected position
2 = Moderate Affected and ended up in a lower position than expected
3 = Severe Major differences to expected outcome, or left school due to TI
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Time off school
0 = None
1 = One day or less/ month
2 = One week or less/ month
3 = More than one week/ month.
Sport
0 = Unaffected No differences to sport activity.
1 = Mild Slight tiredness but still played sports according to wishes.
2 = Moderate Affected; played sports at less than the desired level.
3 = Severe Affected in a major way; could not play sports due to TI

Social life
0 = Unaffected No differences to social life; relationships with friends unaffected.
1 = Mild Able to socialise but limited to small degree; relationship with friends

virtually affected
2 = Moderate Able to socialise
3 = Severe Virtually unable to socialise; relationship with friends affected to a

major degree or no friends.

Anxiety
0 = None
1 = Mild

2 = Moderate

3 = Severe

Worries about thalassaemia a little; does not feel it will have significant 
effect on quality of life.
Worries about thalassaemia sometimes; feels\there will be significant 
effect on quality of life; e.g. to set up a family.
Worries about thalassaemia a lot or all the time, or fear of nearing 
death.

Self-image
0 = Unaffected

1 = Mild

2 = Moderate
3 = Severe

Aspirations same as the normal population; no references to 
thalassaemia.
Aspirations same as the normal population; but refers to thalassaemia 
as an obstacle.
Aspires to be like normal people; refers to thalassaemia as an obstacle. 

Aspires to be like normal people; frequent references to thalassaemia as 
an obstacle, or feels defective or dependent.

Feelings of Difference
0 = None
1 = Mild
2 = Moderate

3 = Severe

Slightly different; unable to do all the things friends/ sibs do.
Different, limited significantly by thalassaemia; unable to do many 
things friends/ sibs do.
Very different, extremely limited by the disease; unable to do any thing 
tfiends/ sibs do.

Family Adjustment
0 = Unaffected
1 = Mild
2 = Moderate

3 = Severe

Some overprotection by parents or jealousy by a sib.
Uncomfortable overprotecting parents, or conflicts related to 
thalassaemia, or jealousy interfering with quality of life.
Rejection by parents or sibs, or conflicts due to the disease leading to 
patient’s departure from home.
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10.

11.

12.

Social Integration
0 = Unaffected
1 = Mild

2 = Moderate

3 = Severe

Social Isolation
0 = None
1 =Mild
2 = Moderate

3 = Severe

Stigmatisation
0 = None
1 =Mild

2 = Moderate

3 = Severe

Well integrated but intermittent problems with time off work/ minor 
employment problems, or minor relationship problems due to 
thalassaemia.
Problems with employment but able to work to a reduced extent; or 
significant problems with setting up a family due to thalassaemia. 
Unemployed, or unable/ unlikely to set up a family due to thalassaemia.

Denial
0 = None

1 = Mild

2 = Moderate

3 = Severe

Good support but feels he/ she needs more support at times.
Support from friends/ relatives available but deficiency of support 
evident.
No one to turn to when in need of support.

Few references to stigmatisation in the past or at the present time, no 
effect on social life or employment.
Relationships or employment or education affected to a significant 
degree of isolation.
Relationships broken by stigmatisation, or isolated due to 
stigmatisation by friends/ relatives, or unemployed due to 
stigmatisation, or education stopped as a result o f stigmatisation.

Friends, relatives, employer knows he/ she has thalassaemia; never 
hides; talk about thalassaemia spontaneously.
Tells friends/ employer that he/ she had thalassaemia; will tell anyone 
else but only if initiated.
Close friends/ employer know about patient’s illness, otherwise tries 
not to mention it unless obliged to.
No one except closest friends/ close relatives know patient has 
thalassaemia. Never tells anyone about illness.

Annex 9. QUESTIONNAIRE (B)
FOR PARENTS TO ANSWER ABOUT THEIR CHILD 

(UNDER 16 YEARS OLD)

1. Does thalassaemia affect your child’s school progress?
[ ] Low [ ] Middle [ ] Top

Would he/she done better if they did not have thalassaemia? 
[ ] No [ ] Yes Why...................................
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2. On average how many time off school has your child lost?
[ ] None [ ] one day or less/ month
[ ] One week or less/ month [ ] more than one week/ month.

3. Does thalassaemia affect your child sport activities?
[ ] Not at all [ ] A little [ ] A lot
Why?

Would he/ she have done better if he/ she did not have thalassaemia?
[ ] Yes [ ] No Why?

4. Do you think your child is different from friends/ sibs?
[ ] Yes [ ] No Why?

5. Does your child engage in school/outdoor activities as his peers?
[ ] Yes [ ] No Why?

6. Does thalassaemia affect your child relationship with the friends?
[ ] Not at all [ ] A little.
[ ] Sometimes [ ] A lot
Why?

7. Does thalassaemia affect your child relationship with sisters/ brothers?
[ ] Yes [ ] No Why?

8. Do other children express resentment about special treatment of the patient?
[ ] Yes [ ] No Explain................

9. Do you think that thalassaemia affects your child relationship with yourself?
[ ] Yes [ ] No Why?

10. Is your child aware of his/ her illness?
[ ] Yes [ ] No [ ] Don’t know

11. Is your child upset by anxious, worried feelings about his/ her illness?
[ ] Not at all [ ] A little.
[ ] Sometimes [ ] Often

12. Does your child talk about his/ her problems or worries?
[ ] Not at all [ ] Sometimes [ ] Often

13. Who does your child trust or turn for help?
[ ] Parents [ ] Brothers/ sisters
[ ] Friends [ ] others..................

14. Do or did your child’s friends/ school know he/ she has thalassaemia?
[ ] No [ ] yes Why?

15. Do or did your child’s teacher/ employer know about he/ she has thalassaemia?
[ ] No [ ] yes Why?
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16. Does or did your child go on school trip
WHY does your child go/ dont go on school trips?
[ ] No [ ] yes Why?

17. Does your child know other patients with thalassaemia?
[ ] No [ ] yes Why?

(B) KEY TO SCORING QUESTIONNAIRE FOR PATIENTS UNDER 16 YEARS 

OF AGE

1. Education
0 = Unaffected No differences to position at school.
1 = Mild Affected but no differences to the overall position in class.
2 = Moderate Affected and ended up in a lower position than expected in class.
3 = Severe Major differences, unable to continue education due to thalassaemia.

2. Time off school
0 = None
1 = One day or less/ month
2 = One week or less/ month
3 = More than one week/ month.

3. Sports
0 = Unaffected No difference to sport activity.
1 = Mild Slight tiredness but still played sports according to wishes
2 = Moderate Affected; played sports at less than the desired level.
3 = Severe Affected in a major way; could not play sports due to thalassaemia.

4. Difference from friends/ sibs
0 = None
1 = Mild
2 = Moderate

3 = Severe

Slightly different; unable to do the things friends/ sibs do.
Different; limited significantly by thalassaemia; unable to do many 
things friends/ sibs do.
Very different, extremely limited by the disease; unable to do anything 
friends/ sibs do.

5. Social interaction
0 = Unaffected
1 = Mild

2 = Moderate

3 = Severe

6. Family adjustment
0 = Unaffected
1 = Mild

Plays and gets on well with friends.
Relationship with friends affected a little due to thalassaemia, but 
plays and socialises with friends to a near normal level.
Relationship with friends affected due to thalassaemia; plays and 
socialises significantly less with friends than other children. 
Relationship with ffiends affected a lot; hardly ever plays with 

friends or frequent arguments with friends.

Some overprotection by parents, jealousy by a sib.
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2 = Moderate Frequent conflicts with sibs related to thalassaemia; jealousy
interfering with quality of life.

3 = Severe Rejection by parents/ sibs.

7. Anxiety
0 = None
1 = Mild Seldom upset by anxious, worried feelings about his/ her illness.
2 = Moderate Sometimes upset by anxious, worried feelings about his/ her illness.
3 = Severe Often upset by anxious, worried feelings about his/ her illness.

8. Isolation
0 = None
1 = Mild Freely talks about problems but looks withdrawn at times.
2 = Moderate Sometimes talks about problems, often looks withdrawn.
3 = Severe Never talks about problems, always withdrawn; turns to no one for

help/ support.

9. Stigmatisation
0 = None
1 =M ild Brief references to stigmatisation by fnends; no ill effects on patients.

2 = Moderate Education affected to a significant degree by stigmatisation, or some
isolation due to stigmatisation.

3 = Severe Education discontinued, or isolated by friends due to stigmatisation.

Annex 10. (C) PSYCHOSOCIAL PROFILE QUESTIONNAIRE FOR

PARENTS OF THALASSAEMIA

1. Do you know what is thalassaemia?

2. Who told you the diagnosis?
[ ] Doctors [ ] Nurse
[ ] No one [ ] others
How..........................................................

3. Did you understand the diagnosis at the time?
[ ] Yes [ ] No
Explain.......................................................

4. Do you understand the nature of thalassaemia?
[ ] Yes [ ] No
Explain.......................................................

5. Did you blame your self for your child's condition?
[ ] Yes (Do you still do?) [ ] No
Why.......................................................
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6. How did you feel when you told the diagnosis?
[ J Unhappy [ ] Depressed
[ ] Anxious [ ] Anger
[ ] Guilt [ ] Relief
[ ] Did not believe [ ] Don’t know
Others.......................................................

7. Do you worry about thalassaemia?
[ ] Not at all [ ] A little
[ ] Sometimes [ ] A lot
[ ] All the time
Why?...................................................

8. What is your biggest worry concerning your child?

9. What does it mean to you that your child has thalassaemia?
[ ] Does not affect me [ ] Constantly worried
[ ] Feeling helpless [ ] Feeling guilty
[ ] Learned how to cope [ ] Others......................................

10. Who do you trust or turn to for help?
[ ] Spouse [ ] Relatives [ ] Friends
[ ] Doctors [ ] Religious Guide [ ] Support group
Others.........................................................................................

11. Do you think you need more help?
[ ] Yes [ ] No
If yes from where and w hy?.......................................................

12. Has thalassaemia affected your relationship with your spouse?
[ ] Not at all [ ] A little [ ] A lot
How?.............................................................................

13. Has thalassaemia affected your relationship with other children?
[ ] Not at all [ ] A little [ ] A lot
How?.............................................................................

14. Does thalassaemia affect your social life?
[ ] Not at all [ ] A little [ ] A lot
W^y?................................................................................

15. Has thalassaemia affected your relationship with your friends/relations?
[ ] Not at all [ ] A little [ ] A lot
Why?.............................................................................

16. How often do you talk about your problems or worries?
[ ] Not at all [ ] Sometimes [ ] Often

17. Do or did your child's friends/schoolmates know he/she has thalassaemia?
[ ] Yes [ ] No
vi^y?........................................................................................
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18. Do or did your child’s teacher/ employer know he/she has thalassaemia?
[ ] Yes [ ] No
Why?.....................................................................................

19. Do you think your child’s is different from friends/sibs?
[ ] Yes [ ] No
whiy?........................................................................................

20. How do you feel about thalassaemia now?
[ ] Anger [ ] Guilt [ ] Anxious
[ ] Unhappy [ ] Depressed [ ] Coping
[ ] Don’t Know [ ] Others.................................

21. Has the employment of anyone in the family, or the family financial situation has been 
affected by the illness?

[ ] Yes [ ] No
Explain.....................................................................................

22. How many pregnancies have you had after your affected child and what were their 
outcome?

Details...............................................................................

23. Did you have any prenatal diagnosis?
[ ] Yes [ ] No
vhiy?........................................................................................

24. If you were going to get pregnant would consider a test in early pregnancy to see if the baby 
is affected with thalassaemia?

[ ] Yes [ ] No
Why?.....................................................................................

25. If you were pregnant and had a test showed that the baby has thalassaemia would you 
consider termination?

[ ] Yes [ ] No [ ] Don’t know
\\%y?........................................................................................

26. Has your child’s condition affected your plans to have more children or your attitude to 
testing for thalassaemia during pregnancy?

[ ] Yes [ ] No
Explain.....................................................................................

27. What advice you give to parents who had just found that they could have a child with 
thalassaemia?

28. What advice you give to couple who planned to marry, and they are carriers for 
thalassaemia?
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(C) KEY TO SCORING PARENTS QUESTIONNAIRE

1. Social life
0 = Unaffected
1 = Mild

2 = Moderate

3 = Severe

2. Anxiety
0 = None
1 = Mild

2 = Moderate

3 = Severe

No differences to social life; relationship with friends unaffected.
Able to socialise but limited to small extent; relationship with fnends 
virtually unaffected.
Able to socialise but at a significantly reduced level; relationship with 
friends affected.
Virtually unable to socialise; relationship with friends affected to a 
major degree, or no friends.

Worries about thalassaemia a little, but does not feel it will have 
significant effect on their quality of life.
Worries about thalassaemia sometimes, feels it will have significant 
effect on their quality of life.
Worries about thalassaemia a lot or all the time, fear of nearing death 
for their child.

3. Social isolation
0 = None
1 = Mild
2 = Moderate

3 = Severe

4. Family adjustment
0 = Unaffected
1 = Mild

2 = Moderate

3 = Severe

Good support but feels he/ she needs more support at times.
Support from friends/ relatives available but deficiency of support 
evident.
no one to turn to when in need of support/ help.

Occasional arguments or tension with spouse/ patients/ other children 
due to thalassaemia.
Frequent arguments or tension with spouse/ patient/ children due to 
thalassaemia
Divorced from spouse as a result o f thalassaemia, or argues with 
spouse/ patient/ children all the time due to thalassaemia.

5. Confusion
0 = None
1 = Mild Not confident that he/ she knows the nature of thalassaemia but still 

able to give an adequate description of the condition.
2 = Moderate Able to give a rough outline of the condition or some wrong beliefs.
3 = Severe Does not know the nature of thalassaemia at all, or totally wrong

beliefs.

6. Anger
0 = None
1 = Mild
2 = Moderate
3 = Severe

A minor reference to inadequate explanation or management.
Frequent references to inadequate explanations or management.
Blames and holds the doctor(s) responsible for the child’s condition or 
bitterly complains about inadequate management.
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7. Guilt 
0 =  

1 =

2 =

None
Initial period of self-blame which resolves after a short period.
Initial period of self-blame which continues for a significant period, usually 

despite reassurance by the medical staff, but eventually resolves.
3 = Always blamed and continues to blame herselft himself for the child’s condition.

8. Effect on plans for more children
0 = Unaffected
1 = Mild May have had one more child but well satisfied with the size of the

family.
2 = Moderate Would have had more children, but still reasonably content with the

family size.
3 = Severe Wanted more children, extremely upset that thalassaemia prevented

this.

9. Employment/ finance
0 = Unaffected
1 = Mild Works less due to thalassaemia but still earning a good living.
2 = Moderate Significantly reduced work due to thalassaemia; finances affected but

can cope.
3 = Severe Unable to work due to thalassaemia; in financial hardship due to

thalassaemia.

10. Attitude for prenatal diagnosis
0 = None Will not consider prenatal diagnosis (PND), will/ would have had more

children with thalassaemia with no worries.
1 = Mild May consider PND, but most probably will not terminate pregnancy if

thalassaemia.
2 = Moderate Will have PND and opt for termination of pregnancy if baby affected;

however if one is able to guarantee that the baby will be mildly 
affected then may consider keeping the pregnancy.

3 = Severe PND and selective abortion for every affected pregnancy, or had no
other pregnancy due to thalassaemia.

11. Denial
0 = None

1 = Mild

2 = Moderate

3 = Severe

Never hides the diagnosis; talks freely about child’s condition. 
Acknowledges burden of thalassaemia appropriately; no false 
pretences.
Teachers, friends were told the diagnosis; anyone else is informed only 
if initiated.
Only teachers, close friends told about the diagnosis; tiy not to 
mention it unless obliged to. Failure to appropriately acknowledge 
patient’s condition.
Never talks about the diagnosis. Pretended that all is normal country to 
patient’s obvious critical condition.
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Annex 11. Shows the psychosocial burden outcome for each adult thalassaemia intermedia patients.

Sr.
No Fam. Education

Time off- 
school Sport Social life Anxiety Self-image

Felling of 
differences

Family
adjustment

Social
integration

Social
isolation

Stigmati
sation Denial

1 Fam 10 moderate none unaffected severe severe severe no unaffected severe moderate severe mild
2 Fam 10 unaffected none unaffected unaffected mild unaffected no unaffected unaffected none none none
3 Fam 10 unaffected none unaffected unaffected none unaffected no unaffected unaffected none none none
4 Fam 5 unaffected none unaffected unaffected severe mild no mild mild mild moderate none
5 Fam 24 unaffected none unaffected unaffected mild mild no unaffected unaffected mild mild none
6 Fam 67 unaffected none unaffected unaffected mild unaffected no unaffected unaffected mild mild none
7 Fam 59 mild none mild unaffected mild unaffected mild unaffected moderate mild moderate severe
8 Fam 59 severe none unaffected moderate mild mild mild unaffected moderate mild moderate severe
9 Fam 51 unaffected none unaffected unaffected mild unaffected no unaffected unaffected none none none
10 Fam 51 unaffected none unaffected unaffected none unaffected no unaffected unaffected none none none
11 Fam 51 unaffected none unaffected unaffected none unaffected no unaffected unaffected none none none
12 Fam 69 unaffected none severe unaffected severe severe severe moderate severe severe severe none
13 Fam 13 moderate mild mild unaffected mild mild moderate mild moderate mild moderate none
14 Fam 13 moderate mild mild unaffected none mild moderate mild mild mild moderate none
15 Fam 13 unaffected mild mild severe severe severe severe severe severe severe severe severe
16 Fam 28 unaffected none mild severe moderate moderate severe severe severe severe severe moderate
17 Fam 28 unaffected none unaffected unaffected none unaffected no unaffected unaffected none none none
18 Fam 15 unaffected none mild unaffected mild unaffected no unaffected unaffected mild mild none
19 Fam 18 mild mild mild unaffected mild unaffected no unaffected unaffected none none none
20 Fam 18 severe mild moderate severe severe severe severe severe severe moderate severe moderate
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Annex 12. Shows the psychosocial burden outcome for thalassaemia intermedia patients under the age of 16 years old.

Patients 
& fam. Age Education

Time
off-school Sport

Different from 
friends/ sibs

Social
interaction

Family
adjustment Anxiety

Social
Isolation

Stigmatis
ation

1-Fam 1 10 Unaffected none mild moderate mild mild mild mild Mild
2- Fam 1 5 Unaffected none Unaffected none unaffected unaffected none none None
3- Fam 1 7 Unaffected none Unaffected none unaffected unaffected none none None
4- Fam 2 11 mild One week or lees/ month severe moderate severe mild none none Moderate
5- Fam 2 4 Under age Unaffected none unaffected unaffected none none None
6- Fam 4 10 Unaffected One day or less/ month Unaffected none unaffected unaffected mild none Mild
7- Fam 4 7 Unaffected One day or less/ month Unaffected none unaffected unaffected mild none None
8- Fam 5 15 Unaffected none Unaffected none unaffected unaffected none none None
9- Fam 5 8 Unaffected none Unaffected none unaffected unaffected none none None
10- Fam 5 9 Unaffected none Unaffected none unaffected unaffected none none None
11- Fam 14 15 mild One week or lees/ month Unaffected mild unaffected mild moderate mild Moderate
12- Fam 20 6 Unaffected One day or less/ month mild moderate unaffected moderate mild none Mild
13- Fam 22 4 Under age Unaffected none unaffected unaffected mild none None
14- Fam 23 9 Unaffected One day or less/ month Unaffected none unaffected unaffected mild none Mild
15- Fam 23 3 Under age Unaffected none unaffected unaffected none none None
16- Fam 24 13 Unaffected none Unaffected none unaffected unaffected none none None
17- Fam 34 8 mild One week or lees/ month severe moderate unaffected unaffected mild none Mild
18- Fam 49 2 Under age Unaffected none unaffected unaffected none none None
19- Fam 33 15 mild One day or less/ month mild moderate mild unaffected moderate none None
20- Fam 33 14 severe One week or lees/ month severe moderate mild unaffected moderate none Moderate
21- Fam 59 9 Unaffected none Unaffected moderate unaffected unaffected mild none None
22- Fam 72 3 Under age Unaffected none unaffected unaffected none none None
23- Fam 51 15 Unaffected none moderate none unaffected unaffected none none None
24- Fam 51 14 Unaffected One day or less/ month moderate none unaffected unaffected mild none None
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Patients 
& fam. Age Education

Time
off-school Sport

Different from 
friends/ sibs

Social
interaction

Family
adjustment Anxiety

Social
Isolation

Stigmatis
ation

25- Fam 64 5 Under age moderate mild unaffected mild none none None
26- Fam 80 3 Under age moderate moderate unaffected mild none none None
27- Fam 65 6 Under age moderate moderate unaffected mild mild mild None
28- Fam 66 2 Under age mild moderate unaffected mild none none None
29- Fam 68 11 Unaffected One day or less/ month moderate moderate unaffected mild moderate moderate Mild
30-Fam 25 15 Unaffected none severe moderate unaffected severe severe moderate Moderate
31- Fam 25 13 Unaffected none mild mild unaffected severe moderate none Mild
32- Fam 50 3 Under age Unaffected none unaffected unaffected none mild None
33- Fam 29 9 Unaffected none mild mild unaffected mild mild mild Moderate
34-Fam 42 6 Unaffected One day or less/ month Unaffected none unaffected mild mild none Mild
35- Fam 42 5 Under age Unaffected none unaffected unaffected none none None
36- Fam 13 13 Unaffected One day or less/ month Unaffected none unaffected unaffected none mild Mild
37- Fam 44 13 Unaffected severe severe unaffected unaffected moderate mild Mild
38- Fam 44 11 Unaffected One day or less/ month Unaffected none unaffected unaffected moderate none Mild
39- Fam 73 4 Under age Unaffected none unaffected unaffected none none None
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Annex 13. Shows the psychosocial burden outcome for parents of thalassaemia intermedia patients.

Sr. No. 
& Fam. Parent Confusion Guilt Anger Anxiety

Family
adjustment

Social
isolation

Social
life Denial

Employment
/finance

Effect on plans 
For more children

Attitude 
for PND

1-Fam 1 father none 0 mild mild unaffected moderate mild mild unaffected none severe
2-Fam 1 mother none 3 moderate severe moderate moderate severe moderate unaffected none severe
3-Fam 2 father none 0 mild none unaffected moderate none no mild none severe
4-Fam 2 mother none 0 severe none unaffected moderate none no mild none severe
5-Fam 4 father none 0 mild moderate unaffected mild none no unaffected none severe
6-Fam 4 mother none 2 moderate none mild mild none no unaffected mild severe
7-Fam 5 father moderate 0 severe none unaffected mild none no unaffected mild severe
8-Fam 5 mother moderate 2 mild moderate unaffected moderate severe no unaffected none severe
9-Fam 10 father moderate 0 mild mild unaffected none none no unaffected none severe
10-Fam 10 mother moderate 0 mild mild unaffected mild none no unaffected none severe
11-Fam 14 mother none 2 moderate severe unaffected moderate mild mild unaffected none severe
12-Fam 20 father none 0 mild mild unaffected severe severe severe severe severe severe
13-Fam 20 mother none 3 moderate severe severe severe none no severe severe severe
14-Fam 22 father none 0 severe severe mild moderate severe no unaffected severe mild
15-Fam 22 mother none 3 moderate severe severe moderate severe severe unaffected severe mild
16-Fam 23 father none 0 mild mild unaffected mild severe mild unaffected moderate severe
17-Fam 23 mother none 2 mild severe unaffected mild severe mild unaffected moderate severe
18-Fam 24 father moderate 0 moderate none unaffected mild moderate severe unaffected none severe
19-Fam 24 mother moderate 0 moderate mild unaffected moderate moderate severe unaffected none no
20-Fam 34 father none 3 moderate severe unaffected mild moderate moderate unaffected moderate severe
2 1-Fam 34 mother none 3 mild severe unaffected moderate moderate moderate unaffected moderate severe
22-Fam 67 mother none 0 severe mild unaffected mild none no unaffected severe severe
23-Fam 49 father none 3 mild mild unaffected moderate moderate no unaffected mild severe
24-Fam 49 mother none 3 severe severe unaffected mild moderate no unaffected mild severe
25-Fam 33 father moderate 0 moderate severe unaffected moderate none no unaffected none no
26-Fam 33 mother moderate 0 moderate severe unaffected moderate none no unaffected none no
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Sr. No. 
& Fam. Parent Confusion Guilt Anger Anxiety

Family
adjustment

Social
isolation

Social
life Denial

Employment
/finance

Effect on plans 
For more children

Attitude 
for PND

27-Fam 59 father moderate 0 mild severe unaffected moderate severe severe mild moderate severe
28-Fam 59 mother moderate 0 mild mild unaffected moderate severe severe unaffected moderate severe
29-Fam 72 father moderate 0 mild severe unaffected severe severe mild unaffected severe severe
30-Fam 72 mother moderate 2 mild severe severe mild mild mild unaffected severe severe
3 1-Fam 51 father none 0 none none unaffected none none no unaffected none mild
32-Fam51 mother none 0 mild none unaffected mild none no unaffected none mild
33-Fam 64 mother none 2 mild moderate unaffected moderate none no unaffected moderate mild
34-Fam 64 father none 0 mild mild unaffected mild none no unaffected moderate no
35-Fam 80 mother none 3 moderate moderate unaffected moderate none no unaffected severe severe
36-Fam 80 father none 3 severe severe unaffected moderate none no unaffected severe severe
37-Fam 65 father none 0 mild moderate unaffected moderate none no unaffected moderate severe
38-Fam 65 mother none 3 severe moderate unaffected moderate none no unaffected moderate severe
39-Fam 66 father none 3 mild moderate unaffected moderate none no unaffected moderate severe
40-Fam 66 mother none 3 severe severe unaffected moderate none no unaffected moderate severe
4 1-Fam 68 mother moderate 3 severe severe unaffected moderate none no unaffected none severe
42-Fam 25 father none 3 severe severe severe moderate none no unaffected none severe
43-Fam 25 mother none 0 severe severe severe mild none no unaffected none no
44-Fam 50 father moderate 0 severe mild unaffected moderate none no mild severe mild
45-Fam 50 mother moderate 3 severe severe unaffected moderate none no unaffected severe severe
46-Fam 29 father none 3 severe moderate severe mild none no unaffected severe mild
47-Fam 29 mother moderate 0 severe severe severe moderate none no unaffected severe severe
48-Fam 42 mother none 3 severe severe unaffected moderate none no unaffected severe severe
49-Fam 13 father moderate 0 severe severe unaffected moderate none no unaffected none mild
50-Fam 13 mother none 3 severe moderate unaffected moderate none no unaffected none mild
51-Fam 44 mother none 3 severe moderate severe moderate none no mild none severe
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